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ACQUISITION, EXTINCTION, AND RECOVERY FUNCTIONS 
IN RETROACTIVE INHIBITION ! 


GEORGE E. BRIGGS? 


Northwestern University 


In his discussion of the reproductive 
form of retroactive inhibition, Mc- 
Geoch states that: “The character of 
this inhibition is most readily under- 
stood in terms of competition between 
systems of response. ... On _ this 
view, a response is inhibited when 
another response takes the place of 
it. . . . Inhibition is not thought of 
as a separate process, but as a function 
of competition among responses, with 
a resultant momentary dominance, at 
least, of one response over another. 
Responses thus inhibited are not neces- 
sarily lost from the subject’s reper- 
toire, but are kept by other responses 
from appearing. It is easy to under- 
stand, then, why a once-learned re- 
sponse may not appear under one con- 
dition and may appear under another” 
(S, pp. 494-495). 

vit is with the reproductive inhibi- 
tion situation that the present study 


1A condensation of a doctoral dissertation 
which is on file in the Library of the University 
of Wisconsin. The author expresses apprecia- 
tion to Professors W. J. Brogden, D. A. Grant, 
and H. F. Harlow under whose direction the dis- 
sertation was prepared. The research was sup- 
ported in part by a grant to W. J. Brogden from 
the Research Committee of the Graduate School. 

2 Now a postdoctoral fellow of the National 
Science Foundation. 
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is concerned. Here an effort was made 
to measure the course of the inhibitory 
processes during the learning of the 
original and interpolated materials. 
Further measurement was made to 
determine the relative strengths of the 
competing response systems as a func- 
tion of time following the learning ses- 
sions. The method used to determine 
these systems was similar to a tech- 
nique utilized by Underwood (9) who 
describes it as modified free recall. 
Essentially, modified free recall is a 
noncorrection test for retention where- 
in the stimulus items used in the orig- 
inal and interpolated learning sessions 
are presented alone. The §S is re- 
quested to recall either of the pre- 
viously learned responses, if possible. 
If this cannot be done, he is free to 
give any response. Therefore, this 
technique would be expected to more 
accurately define the “competition 
between systems of response” indi- 
cated by McGeoch as a fundamental 
basis for retroactive inhibition. 


MeETHOD 


Subjects and materials.—The basic design of 
this experiment followed the reproductive inhi- 
bition paradigm with 125 Ss in the experimental 
group and 25 Ss in the control group. All Ss 
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were students from elementary psychology classes, 
and none had served previously in an experiment 
on retroactive inhibition. For the experimental 
group the list learned in OL and in IL was com- 
posed of 12 paired adjectives with the stimulus 
words the same in both lists. The 12 stimulus 
words were selected from a sample of 50 common 
two-syllable adjectives which had been presented 
to a total of 100 elementary psychology students 
in a free word-association situation. Selection 
of the 12 words was on the basis of minimum 
variability of response. 

General procedure and apparatus.—The gen- 
eral procedure on the first day was to give each 
S a short practice session of three trials on a list 
of five paired-associate nonsense syllables. Each 
S then learned the original list to a criterion of 
one perfect trial. Twenty-four hours later the 
interfering list was learned, by the experimental 
group, to the same criterion. Subgroups of 25 
Ss each relearned the original list at intervals of 
4 min., 6, 24, 48, or 72 hr. following IL. The 
control group followed the same general pro- 
cedure except that IL was omitted on the second 
day. Subgroups of 5 Ss were tested at the same 
intervals of the retention period as were used 
with the experimental group. 

In order to facilitate conduct of the experi- 
ment, two Ss learned the lists simultaneously. 
This was achieved by exposing the lists on two 
milk glass screens, one for each S, and requesting 
S to write his anticipations on a recording appa- 
ratus known commercially as a Tel-Autograph 
Transceiver. The responses appeared, in S’s 
own handwriting, both on the transceiver and on 
a receiver located in an adjacent room from 
which E projected the words. The two Ss were 
separated by a screen, and headphones were 
available so that E could communicate with each 
S separately. The Ss’ and the E’s rooms were 
soundproof, and therefore the exposure, record- 
ing, and communicating systems enabled each S 
to work independently. 

Two automatic projectors were used to expose 
the words. Each stimulus word and each stim- 
ulus-response pair were photographed on 35-mm. 
film and the negatives were mounted in 2 X 2-in. 
metal binders. Four orders of presentation were 
then arranged. Exposure of the slides was en- 
tirely automatic. A three-unit electronic timer 
was set to cycle continuously through two phases. 
Two units controlled a 4.5-sec. phase during 
which time a slide was exposed to S’s view. 
Termination of this phase activated a third unit 
of the timer, which in turn set the slide changer 
mechanism into operation. This third unit timed 
the .5-sec. interval required by the projectors to 
effect a change of slides. Termination of the 
third unit reactivated the two-unit phase, and so 
on. The intertrial interval was set at 10 sec. 

Modified free recall and treatments.—Immedi- 
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ately after the short practice session with non- 
sense syllables, each S was presented with the 12 
stimulus words from the OL and IL lists. He 
was instructed to give the first word to come to 
mind upon seeing each of the adjectives. By 
this free association test it was possible to deter- 
mine the original responses which S brought into 
the situation with him, the Ro class of response. 
At some predetermined point (see below) in 
either OL or IL or both, S was interrupted in his 
learning and given a modified free recall (MFR) 
test. The following instructions were given for 
MFR during OL: “I am now going to present 
the stimulus words alone. Just as soon as you 
see an adjective come on the screen, write down 
the first word that comes to mind. If you can 
recall the response that has been assigned to each 
stimulus word, put that down, of course. If, 
however, you are unable to recall that response, 
then put down whatever word you think of upon 
seeing each of these terms.” 

The instructions given for MFR during IL 
and at the retention intervals following IL were 
expanded slightly to request that either of the 
two responses assigned to each stimulus word be 
given, if possible. The responses assigned to the 
first list are designated as R; and those in the 
interpolated list are labeled Re. Any response 
given during MFR which was incorrect, in either 
list, for the particular stimulus word to which it 
was given, will be termed an R; class of response. 
Finally, any responses which were from neither 
of the two lists are classified with the original 
responses given by S, the Ro class. 

Four points of interruption were selected for 
both OL and IL. During OL an S might have 
been given an MRF test after the trial on which he 
had correctly anticipated 3 responses (4 criterial 
level), 6 responses (the 4 criterial level), 9 re- 
sponses (the # criterial level), or 12 responses 
(the 4 criterial level). As a control treatment 
within tlie experimental group, some Ss were not 
interrupted at all during OL 6r IL or both. This 
is designated as the zero treatment. No S was 
interrupted more than once during either OL or 
more than once during IL, and after interrup- 
tion, all Ss went on to the # criterion of learn- 
ing if interruption occurred prior to that level. 
These MFR tests give an index to determine (a) 
the acquisition function for the Ry responses and 
the simultaneous extinction function for the Ro 
responses during OL, (5) the acquisition function 
for the Ra response class and the simultaneous 
extinction curve for the R; class during IL, and 
(c) the changes in strength of the Rg class during 
both OL and IL. 

An MFR test was given to S just prior to the 
traditional recall and relearning of the original 
list after one of the five retention intervals (4 
min., 6, 24, 48, or 72 hr.). This permits a deter- 
mination of (a)"the retention function for the Rs 
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response class, (b) the retention, or as they will 
be termed, the recovery functions for the Ro and 
R; classes, and (c) the presence of R; responses 
over the 72-hr. period following the IL. 

With the five possible treatments during OL 
and the five during IL (0, 3, 4, 3, $) and the 
five retention intervals (4 min., 6, 24, 48, 72 hr.), 
there were 5 X 5 X 5 or 125 unique combina- 
tions of the experimental treatments. In order 
to complete one replicate, 125 Ss were used with 
one S per treatment combination. This design 
breaks the experimental sequence of OL—IL— 
RL into five subgroups for each of the three 
sessions. Each subgroup contains 25 Ss. This 
design for the experimental group gives no infor- 
mation on the relative frequency of response for 
the Ro, Ri, and Rs classes just priortoIL. The 
IL session occurred 24 hr. after OL, and thus it 
was necessary to measure the changes which 
occurred in the three classes over the 24-hr. 
intersession interval. 

Therefore, the 25 control group Ss were given 
an MFR test 24 hr. after OL. They were then 
dismissed until time for recall and relearning. 
Subgroups of 5 Ss were given the same treatment 
during OL, and each returned for recall and 
relearning at one of the same retention intervals 
as for the experimental group. As was the case 
for the experimental group, each control S$ 
received a unique treatment combination in OL 
and RL. Nocontrol S was interrupted for MFR 





more than once in OL nor was he tested for 
retention at more than one retention interval. 

In summary, four of the five treatments (4, 
4, 4, and 4) in both OL and IL and the five 
retention intervals (4 min., 6, 24, 48, and 72 hr.) 
gave S an opportunity to respond in an MFR test. 
There were 25 experimental group Ss in each of 
these subgroups, and thus acquisition, extinc- 
tion, retention, and recovery functions were each 
determined by at least four points with 12 x 25 
or 300 possible responses at each point. The zero 
criterial level in IL was determined by the 25 Ss 
of the control group. 


RESULTS 


The results of the modified free 
recall (MFR) tests are presented in 
Table 1 and in Fig. 1. Table 1 con- 
tains the mean number of responses 
for each response class throughout the 
learning of the two lists and over the 
72-hr. retention period following IL. 
Standard error values are also listed, 
where appropriate, for the means, and 
both means and their associated stand- 
ard errors are based on an N of 25. In 
Fig. 1 each score is expressed relative 












































TABLE 1 
Mean Frequency ror Response Cuiasses Ro, Ri, Re, AND Rs on MFR Tests 
Criterial Levels 

Condition | Response 0 t ; t t 
M om M om M om M Om M om 
OL Ro 12.00; — 5.88 54 3.72 46 1.60 31 0.936| — 
Ri 0.00; — 4.24 43 6.24 Al 9.36 32 | 10.68} .36 
R; _ —_ 1.88 32 2.04 Al 1.04 21 0.36; — 
IL Ro 2.16} .41 2.72 36 1.76 38 0.84 _- 0.40 — 
Ri 9.04 | .45 5.32 48 4.44 54 3.52 51 2.80 | .45 
Rz 0.00; — 2.24 33 440) 48 6.32 52 7.96 50 
Rs 0.80; — 1.72 21 1.40 19 1.32 .23 0.84 _ 

Retention Intervals 
Condition | Response 4 min. 6 hr. 24 hr. 48 hr. 72 hr. 

M om M om M om M om M om 
RL Ro 0.36); — 1.40 a 0.84 — 1.80 34 2.12 | .44 
Ri 2.56 48 4.36 37 5.32 44 4.96 AS 5.04 | .47 
Re 8.20 61 5.20 Al 4.80 42 4.08 46 3.80 | .51 
R; 0.88 — 1.04 .23 1,04 .20 1.16 .22 1.04] .21 
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Fic. 1. Percentage of response for the four response classes during OL and IL 
and over the 72-hr. retention period 


to a total of 300 responses possible at 
each ordinal point. 

The base of the graph in Fig. 1 is 
divided into the three main sessions of 
the experiment: original learning, in- 
terpolated learning, and retention 
period. Within OL and IL further 
subdivision is made for each point of 
interruption for MFR, the criterial 
levels. The zero point for OL was 
assumed to give 100% of the Ro class 
and 0% of the R; class. The zero 
level for IL contains the responses 
from the control group Ss who returned 
24 hr. after OL for an MFR test. This 
is the only place that control group 
scores appear in either Fig. 1 or Table 


Acquisition and extinction.—In both 
OL and IL the dominant processes are 
acquisition and extinction. From vis- 
ual inspection, the acquisition func- 
tion for the R; class appears to be 
similar to the acquisition curve.for the 
R, class in IL in that both are nega- 
tively accelerated functions with posi- 


tive slope. The most striking differ- 
ence between the two curves is that 
the R» function in IL does not reach 
the maximum level attained by the R, 
function in OL. There also appears 
to be considerable similarity between 
the Ro extinction function in OL and 
the R, extinction function in IL in 
that both are negatively accelerated 
with a negative slope. Again, how- 
ever, the IL function does not reach 
the final level attained by the OL 
curve. All four functions display 
components of linearity over major 
portions of their total extent. 

During OL the R, acquisition func- 
tion reveals a relationship between 
criterial level, as shown by the ordinal 
values of the graph, and the relative 
level of learning which was determined 
by the MFR tests. Early in the OL 
session, the } criterial level, S gave 
considerably more R, responses during 
MFR than would be expected at that 


criterion.? The mean value of 4.24 
' 

3 The criterial levels of 4, 4, and }# do not 
necessarily indicate that all Ss were interrupted 
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from Table 1 is 1.24 units greater than 
the observed value of three correct 
anticipations on the 3 criterial trial. 
At the 4 and ¢ criterial levels S still 
gave more R;, responses during MFR, 
6.24 and 9.36 respectively, than would 
be expected on the basis of perform- 
ance on the criterial trial. However, 
the differences between expected and 
obtained values at these points are far 
less than that difference at the } cri- 
terial level. Also, these differences are 
small compared to the associated 
standard errors of .41 and .32. After 
the ¢ criterial level had been 
reached, however, S gave a mean of 
only 10.68 R; responses during MFR. 
This is significantly less than the 12 
correct responses given on the criterial 
trial just prior to MFR. The results 
of this study for the 3 and ¢ criterial 
levels are in agreement with Ward 
(10) where the same general findings 
held for the yg and } criterial levels 
in his study of reminiscence in serial 
learning. 

This relationship does not hold for 
the IL session of this study. There, 
level of mastery of the Rz responses, 
as measured by the MFR tests, was 
always less than that indicated by the 
performance on the criterial trials. 
Further, the difference between ex- 
pected and obtained levels increases as 
learning progresses. 

Retention and recovery.—The third 
section of Fig. 1 contains a retention 
function for the R» response class 
beginning at 4 min. after IL and ex- 
tending over a 72-hr. period. This 
curve for retention follows the usual 
course of such functions and is quite 
similar to that retention function 


for MFR after the trial on which they had cor- 
rectly anticipated exactly 3, 6, or 9 responses, 
respectively. It did happen that during OL all 
Ss had not exceeded the criteria before MFR, but 
during IL some Ss did exceed criteria before test 
was possible. The actual median number of 
correct responses on the criterial trials during 
IL was 3.46, 6.54, and 9.28. 
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TABLE 2 


Resutts or ANALYSIS OF VARIANCE ON THE 
Frequency or Response ror R; anv R; 
OVER THE Five RETENTION INTERVALS 











Source af | dican PF 
1. Between Ss 124 
a. Groups 4| 239.336 | 3.93* 
b. Ss within groups |120| 60.831 
2, Ri— Re 1 | 1753.664 | 5.18* 
3. Within Ss 124 
a. Ri “— R; 
X Groups 4 | 4313.246 |12.73* 
b. Ri — Re X Ss 
within groups |120| 338.695 














* Significant at or beyond the .05 level of confidence. 


demonstrated by Underwood (9) in a 
comparable experimental situation. 
The companion process indicated here 
is the recovery of the R, class over the 
retention period. An analysis of vari- 
ance was applied to the data to test 
for significant differences between R, 
and R,z over the five retention inter- 
vals. For this analysis the data were 
transformed to arc sin (per cent)? (8). 
The results are presented in Table 2. 

In the analysis, the F value for 
Groups (la) was obtained by testing 
against Ss within groups (1d), and 
the F values for R; — Rz (2) and 
Ri — R2 X Groups (3a) were ob- 
tained by testing each against R; — Ry 
xX Ss within groups (3b). The F 
ratios in Table 2 indicate that the 
following are significant sources of 
variation : Retention Intervals, R, vs. 
Rz, and the R; — R,z X Retention In- 
tervals interaction. This latter signifi- 
cant source justifies the use of 
Duncan’s range test (2) to test for 
significant differences between the ten 
means defining the R; and R, func- 
tions in the retention period (see 
Table 1). 

From the range test the following 
points on R, and R; were found to be 
significant: the initial values for both 
R, and Rg, 2.56 and 8.20 respectively, 
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were significantly different from the 
other eight means, and likewise, the 
two final values for Re, 4.08 and 3.80, 
differ significantly from the other 
means. Further, 2.56 differs signifi- 
cantly from 8.20, but no significant 
difference was noted between 4.08 and 
3.80. The .05 level of confidence was 
used for determining significance. 

From these analyses, then, the reten- 
tion function for Rz indicates a signifi- 
cant decrease in response strength 
between 4 min. and 6 hr. with further 
significant, but more gradual, decrease 
over the remainder of the retention 
interval. The recovery function for 
the R, class increases significantly 
between 4 min. and 6 hr. The maxi- 
mum effective level of Ri response 
strength in the retention period is 
reached between 6 and 24 hr., and this 
level is maintained over the remainder 
of the 72-hr. period. This maximum 
level for the R, class occurs after the 
R; function has decreased to approxi- 
mately 40% of total. It may there- 
fore be concluded that the Rz reten- 
tion function represents a dominant 
process or response system. 

The recovery function here differs 
from that found by Underwood (9) in 
that the present curve rises to a higher 
maximum level and has a greater 
slope. Also, the recovery function in 
the Underwood report reaches maxi- 
mum effective level when the retention 
function is near the 50% level. 

R, and R; functions.—Following the 
extinction of Ry during OL, Fig. 1 
shows that further extinction takes 
place during the IL session. From 
visual inspection, the frequency of 
response for this class appears to in- 
crease again over the retention period. 
However, an analysis of variance sim- 
ilar to that summarized in Table 2 
failed to support this observation as 
significant statistically. From this 
analysis of variance only the retention 
intervals variable was indicated to bea 
source of significant variation. There- 
fore, the most that can be said for the 
Ry function here is that if it represents 


a recovery process, such recovery is 
progressing at a very slow rate. 

The function for the Ry class during 
the retention period is quite similar to 
the “other” curve presented by Under- 
wood (9, p. 432-433) if that latter func- 
tion is corrected to the criteria defin- 
ing the Ro class of the present study. 
If so corrected, Underwood’s results 
for Ro are .40, 12.90, 7.10, and 19.20% 
for the retention intervals 1 min., 5, 
24, and 48 hr., respectively. The com- 
parable results from the present study 
are 3.00, 11.67, 7.00, and 15.00% for 
the intervals 4 min., 6, 24, and 48 hr., 
respectively. Finally, the R; function 
shows its greatest strength during OL 
and IL with maxima during levels of 
partial mastery. Over the retention 
intervals, Rs remains at a low and 
constant level. 

Changes in response strength between 
OL and IL.—Figure 1 clearly shows 
that changes in response strength have 
occurred between the ¢ level of OL 
and the zero level of IL. An analysis 
of variance similar to that summarized 
in Table 2 was performed on the data, 
and as was the case in Table 2, all the 
comparisons were significant at or 
beyond the .05 level of confidence. 
These comparisons were between 4 
OL and zero level of IL, between the 
three functions Ro, Ry, and Rs, and the 
interaction of the functions and cri- 
terial levels. This latter significance 
justified the Duncan range test (2), 
which, when applied to the six mean 
values involved, showed that only the 
Ry and R, functions changed signifi- 
cantly over the 24-hr. intersession 
interval. 

Effects of MFR tests.—In a single 
over-all analysis of variance it was 
possible to (a) determine whether or 
not interruption for MFR during OL 
and IL had any significant effect on 
such RI as was found in this study, 
and (6) determine whether or not 
there were significant changes in RI 
as measured at the five retention inter- 
vals covering the 72-hr. period of time 
from IL. By a simple between-within 
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analysis of variance, the recall scores 
on the first RL trial for the control 
group showed no significant differ- 
ences for the five retention intervals. 
Therefore these 25 scores were pooled 
to achieve a more reliable estimate of 
the mean recall score for the control 
procedure. Relative RI scores were 
then computed for each experimental 
group S and these were transformed to 
are sin (per cent)! (8). The over-all 
analysis of variance tested the three 
factors of interruption for MFR dur- 
ing OL, interruption during IL and 
retention intervals, and their first 
order interactions against the second 
order interaction. 

No statistical significance was indi- 
cated for any comparison. Thus there 
is no indication that the technique of 
MFR introduced a significant effect 
into OL or IL as indicated by meas- 
ures of relative RI. Further, there 
appears to be no differential amount 
of RI displayed at the five retention 
intervals over a total of 72 hr. follow- 
ing IL. This latter finding is in agree- 
ment with a report by McGeoch (4) 
where RI was relatively constant when 
measured over a period of 144 hr. 

Positive transfer from OL to IL.— 
The mean number of trials required to 
reach the ¢ criterion in OL was 
11.03, and in IL it was 9.26. An 
analysis of variance similar to that 
presented in Table 2 indicated that 
the difference here was statistically sig- 
nificant at the .05 level of confidence. 

Acquisition 0s. extinction processes. 
—From Fig. 1 it would appear that 
the acquisition functions and the ex- 
tinction functions in OL and IL have 
similar slopes. Therefore, Alexan- 
der’s test for trend (1) was applied to 
the data defining these functions. 
The two acquisition functions formed 
one group and the two extinction func- 
tions formed the other group. This 
analysis of variance showed that 
whereas there were significant differ- 
ences within groups, there was no sig- 
nificant difference between groups in 
either slope or mean magnitude. This 











2: oo . ae. 
w 6 er" on P+ 
Ss 5 fe q 
= ° 

-F - RCo Suva 
a 3Fr MFR e ° 

. 
=2 1 l l i — 











4 6 24 48 72 
M HR HR HR HR 


RETENTION PERIOD 
Fic. 2. Mean frequency of response during 


traditional recall (RC) and during modified free 
recall (MFR) at the five retention intervals 


finding suggests that Guthrie’s hy- 
pothesis (3), that extinction represents 
the acquisition of an antagonistic 
response, may be applicable to the 
reproductive inhibition paradigm. 

MFR 0s. traditional recall, and re- 
learning.—Figure 2 presents two recall 
functions for the five retention inter- 
vals of this experiment. The lower 
curve represents mean number of R; 
responses elicited during the MFR 
tests at each of the intervals. The 
upper function, RC, was determined 
by the frequency of R,; responses cor- 
rectly anticipated on the first relearn- 
ing trial immediately after the MFR 
test. This latter function was deter- 
mined under what has been termed 
traditional recall. Analysis revealed 
that the two functions differ signifi- 
cantly at the 4-min., 6-, and 24-hr. 
retention intervals. No statistically 
significant differences were detected at 
the 48- or 72-hr. intervals. 

Finally, the relearning of the origi- 
nal list was carried out to the ¢ cri- 
terion. Analysis for the number of 
trials required to reach that criterion 
did not reveal any significant differ- 
ences between the five retention 
intervals. 

Discussion 

The differences between traditional and 
modified free recall have been pointed 
out. Each S had MFR just prior to what 
has been termed the traditional recall 
test. This temporal arrangement means 
that MFR could serve as a warm-up trial, 
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and the superiority of the traditional 
recall curve in Fig. 2 would seem to indi- 
cate this. However, the two functions 
are significantly different only at the first 
three retention intervals of 4 min., 6, and 
24 hr. after IL. Further, the differences 
between the two functions decrease as 
time from IL increases. With a simple 
warm-up interpretation, then, one might 
conclude that warm-up is decidedly more 
effective earlier in the retention period, 
the 4-min. interval, than at any later 
time. 

The retention function for the Rg, re- 
sponses in Fig. 1 indicates a more logical 
mechanism. Early in the retention pe- 
riod the Rz function is at a maximum 
value of 68.33%. At this same interval, 
the discrepancy is greatest between MFR 
and RC in Fig. 2. As the retention func- 
tion for R, decreases over the 72-hr. 
period, so do the differences between tra- 
ditional and modified free recall. The 
R, responses as a class are clearly stronger 
than the R, class early in the retention 
period, but this does not mean that the 
R, response is not available for recall. 
MFR permits S to give either OL or IL 
responses, but he is requested to give 
only the first of the two responses that 
he can recall. Due to the strong com- 
petition from Rz responses, the R;, class 
is held to an effective level of 21.33% 
during the 4-min. MFR test. Given an 
opportunity, as in traditional recall, S 
could recall not only those R; responses 
strong enough to appear in MFR, but also 
any R, responses of sufficient strength to 
be recalled but not given during MFR 
because of a prior recall of an R: response. 

As response strength of the Rz class 
decreases, so would the effective competi- 
tion between R,z and Ri: responses be 
expected to decrease. It logically follows 
that more and more of the R; responses 
would then appear during MFR as com- 
pared to an earlier retention interval. 
This would lead to less difference between 
MFR and traditional recall functions as 
time from IL increases. The data are in 
agreement with this hypothesis, and 
therefore warm-up, although it may be 
present to some extent, does not account 
for the observed differences as logically 
as does the factor of the effective level of 
R, during the retention period. This 
situation, then, demonstrates the validity 
of McGeoch’s statements in that a once 


GEORGE E. BRIGGS 


learned response is not necessarily lost 
from S’s repertoire. Instead, due to the 
momentary dominance (of the Rz class 
early in the retention period), the once 
learned response (the R;, class) is held to 
a low level during one recall situation 
(MFR) but not during another situation 
(traditional recall). 

The matter of terminology should be 
made explicit here. The present report 
has used the term “extinction” to describe 
the Ro function during OL and the R, 
function during IL. The justification for 
this application is the communality be- 
tween the experimental conditions facing 
S§ in this verbal learning situation and 
those present during a formal condition- 
ing study. In both cases a progressive 
decrement in the frequency of response 
occurs when a previously learned response 
is no longer appropriate to the stimulat- 
ing conditions. 

It should be pointed out that the extinc- 
tion function for the R; class does not 
necessarily indicate the course of un- 
learning during IL. The present data 
offer no basis for evaluating unlearning 
as that process has been defined (6, 7). 
Therefore, possible differentiation of the 
two processes, extinction and unlearning, 
must await future research. 

In the preceding sections, comparisons 
between the results of this experiment 
and those from the Underwood report (9) 
were made. It was pointed out that the 
recovery function for the Ro responses 
was quite similar to Underwood’s func- 
tion for the “other” responses if that 
latter function was corrected to the cri- 
teria defining the Ro class. There was a 
decided difference, however, in the forms 
of the recovery functions for those re- 
sponses learned during OL. The R, func- 
tion in this study has a steeper slope and 
reaches a greater maximum than the com- 
parable function from Underwood. 

It is probable that the parameter of 
number of trials taken to learn in OL 
vs. those required in IL is an important 
factor in this difference. In the present 
study, there was highly significant posi- 
tive transfer from OL to IL. From 
Underwood’s data, however, there is no 
such degree of positive transfer indicated. 
There is positive transfer from OL to IL 
in that study, but the difference between 
trials to learn in OL and in IL does not 
appear to approach statistical signifi- 
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cance. In that experiment, therefore, the 
R; responses as a class would not be 
expected to have as great a superiority in 
response strength over the R, class as 
that indicated in the present study. This 
may account, in large measure, for the 
differences in the form of the two recov- 
ery functions. 

Finally, it is important to note the dif- 
ferences between traditional and MFR 
techniques as measures of learning and 
retention. In traditional recall, major 
emphasis is placed upon one response 
class, the OL responses in the retroactive 
inhibition paradigm or IL responses in 
the proactive inhibition situation. With 
MFR, however, S is placed under no such 
restrictions because any response can be 
“correct” inan MFR test. In traditional 
recall, only incidental information (i.e., 
intrusions) is obtained for response classes 
other than the emphasized class, while in 
MFR S is actually encouraged to give an 
“intrusion” when a previously learned 
response cannot be recalled. Further, 
he is then not formally corrected for his 
“error.” In MFR the effective level of 
several competing response classes or sys- 
tems is given opportunity of expression, 
and therefore this technique provides 
more information on the dynamics of the 
transfer situation than can be provided 
by the traditional method of recall. 


SUMMARY 


In an experiment on retroactive inhibition, 
125 experimental group Ss learned two lists of 
12 paired adjectives. A 24-hr. period separated 
OL and IL, and recall and relearning of the OL 
list occurred at one of five retention intervals 
over a 72-hr. period. Each S was given modified 
free recall (MFR) at one of four criterial levels 
during OL and/or during IL, and each had an 
MFR test just prior to the traditional recall of 
the original list responses. Control group Ss 
learned in OL with the same treatment as that 
for the experimental S, then returned for MFR 
24 hr. after OL. Subsequent recall of OL 
responses was then carried out at one of the 
same retention intervals. 

The MFR tests permitted determination of 
the following functions: (a) acquisition of the OL 
responses (R,) and simultaneous extinction of 
the original responses (Ro) which S made to the 
stimulus words, (b) acquisition of the IL responses 
(Rz) and simultaneous extinction of the Ro and 
R, classes, (c) retention of the R: responses and 
recovery of the Ro and R; classes over the reten- 
tion period, and (d) the behavior of an R; class 


which contains incorrect responses. The results 
show: 


1. Recovery of the Ri responses during the 
retention period eventually reached a level of 
approximately 40% of total as retention of the 
R: class decreased. The recovery function 
remained rather constant after attaining this 
level, whereas the retention function continued 
to decrease over the entire 72-hr. period. Only a 
suggestion of recovery for the Ro class was noted. 

2. As shown by MFR, acquisition and extinc- 
tion were both carried to a greater extent in OL 
than in IL even though the ¢ criterion was 
common to both sessions. However, acquisition, 
as a process common to both OL and IL, did not 
differ in form (mean magnitude and slope) from 
the extinction process. This was offered as sup- 
port for the hypothesis that extinction represents 
the acquisition of an antagonistic response. 

3. A difference between the frequency of Ry 
recalls during MFR and during traditional recall 
was related to the dominance of the Rz responses 
early in the retention period and their continued 
effect over the entire period. 
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STUDIES OF DISTRIBUTED PRACTICE: XII. RETENTION 
FOLLOWING VARYING DEGREES OF ORIGINAL 
LEARNING 


BENTON J. UNDERWOOD! 
Northwestern University * 


In a previous study (6) we summar- 
ized fragmentary evidence which sug- 
gested that whether or not distributed 
practice of rote-learned materials influ- 
enced retention depended upon the 
degree of original learning. More spe- 
cifically, the evidence indicated that 
items which were reinforced many 
times were better recalled following 
massed practice than following dis- 
tributed practice; the reverse was true 
for items given only a small number 
of reinforcements during original learn- 
ing. The evidence for these principles 
was only suggestive, but it was shown 
that certain contradictions in empirical 
findings, especially the contradiction 
between Hovland’s (2) and our own 
work (5, 7), could be resolved if these 
principles were sound. The experi- 
ments in the present report are con- 
cerned primarily with this problem. 
We have manipulated the degree of 
original learning under massing and 
under distribution for both serial lists 
of nonsense syllables and paired-adjec- 
tive lists. Observations are then made 
of retention as a joint function of 
degree of learning and intertrial inter- 
val during original learning. 

A secondary purpose of the present 
experiments was to examine the effects 
of change of context between learning 
and relearning. In all of our previous 
studies relearning has been by massed 


1 Jack Richardson supervised the running of 
the subjects and is largely responsible for the 
statistical analysis. 
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western University and the Office of Naval 
Research. 


practice regardless of whether original 
learning took place under massed or 
distributed practice. In these pre- 
vious studies with serial lists, we have 
consistently found relearning to be as 
good (or better) following massed prac- 
tice as following distributed practice. 
It is conceivable that such findings 
could result from the fact that both 
original learning and relearning were 
under massing in the one case, whereas 
in the case of distributed learning, 
relearning took place with the context 
changed. Such a change in context 
might influence relearning rate, al- 
though it should not influence recall. 
In the present experiments a factorial 
design has been used in which half of 
the Ss who learned under distributed 
practice relearned under massed, and 
the other half relearned with distrib- 
uted practice. Likewise, half of the 
Ss who learned under massed practice 
relearned with massed practice, and 
half relearned with distributed prac- 
tice. 


METHOD 


General——Four groups of Ss were used, two 
groups learning serial nonsense syllable lists and 
two learning paired-adjective lists. For each 
kind of material one group went through three 
experimental conditions under massed practice 
and the other group under distributed practice. 
The three experimental conditions for each group 
differed only in terms of degree of original learn- 
ing required before introduction of the 24-hr. 
retention interval. 

The serial lists were made up of 14 syllables 
of low intralist similarity. These lists have been 
reproduced elsewhere (5). The S actually 
learned only 13 syllables since the first one was 
used as an anticipatory cue. For the low degree 
of learning, the list was presented until S achieved 
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seven correct responses on a single trial. For the 
moderate degree of learning, the list was pre- 
sented until one perfect recitation was given. 
For the high degree of learning, the list was pre- 
sented until one perfect trial was achieved, and 
then seven additional trials were added. For the 
massed group 2 sec. elapsed between each trial 
and for the distributed group, 30 sec. 

The paired-adjective lists consisted of 10 
pairs. The three experimental lists used had low 
intralist similarity and were known not to differ 
significantly in difficulty. These lists also have 
been given in an earlier report (1). The low 
degree of learning for these paired-associate lists 
consisted of five out of ten responses correct on a 
single trial; the moderate degree of learning was 
one perfect recitation; and the high degree, one 
perfect recitation plus seven trials. Massed prac- 
tice consisted of 4 sec. between trials, with dis- 
tributed practice having 30 sec. between trials. 

Detailed procedure—All groups were given one 
practice day to introduce them to the conditions 
of the experiment and to check on equality of the 
learning ability of the two groups learning paired 
associates and the two groups learning serial lists. 
On this practice day all Ss learned a list to one 
perfect trial by massing. After a 5-min. rest 
they were given eight additional trials with 30- 
sec. rests between each trial. During these 30- 
sec. rests, and during all such rests on experi- 
mental days for the distributed group, symbol 
cancellation (4) was used to fill the interval. 

There were 36 Ss in each of the two groups 
that learned serial lists. For each group the 
design followed our previous studies in which 
both conditions and lists are independently coun- 
terbalanced. Each of the groups learning 
paired-adjective lists consisted of 24 Ss. Lists 
and practice are confounded in the design, but 
lists, as indicated earlier, are known to be an 
insignificant source of variance. Conditions 
(three degrees of learning) were completely 
counterbalanced. 

Relearning of all lists took place after 24 hr. 
For half of the Ss relearning was by massed prac- 
tice and for the other half relearning was by dis- 
tributed practice. The sessions for each S came 
on five consecutive days. Relearning of a pre- 
vious list and the learning of a new one took place 
during a single session. 

Serial items were presented at a 2-sec. rate, 
paired associates at a 2:2-sec. rate, i.e., 2 sec. for 
stimulus and 2 sec. for stimulus and response. 
All learning and relearning took place by the 
anticipation method. The paired-associate lists 
were presented in three different orders to mini- 
mize serial associations. 

For convenience in presenting the results, 
symbols for the four groups are as follows: M-S 
(massed, serial learning) ; D-S (distributcd, serial 


learning); M-PA (massed, paired associates); 
D-PA (distributed, paired associates). 


RESULTS 


Practice day.—The mean number of 
trials required by Group M-S to learn 
the practice list was 35.31 + 2.10, and 
for Group D-S, 35.13 + 2.10. F is 
less than one. In the paired-associate 
learning, Group M-—PA took an aver- 
age of 18.83 + 2.40 trials to learn the 
practice list, and Group D-PA took 
21.79 + 2.40 trials. While these two 
means differ by nearly three trials, F is 
less than one. We may conclude that 
neither the two serial-learning groups 
nor the two paired-associate groups 
differed on initial ability. 

Learning of experimental lists.—The 
mean number of trials to learn the 
experimental lists of all conditions is 
plotted in Fig. 1. The three degrees 
of learning are labeled low, moderate, 
and high. For the serial lists, Group 
D-S, with 30-sec. rest between each 
trial, is consistently superior to Group 
M-S. Analysis of variance has shown 
that the over-all difference between 
Groups M-S and D-S falls just short 
of the 5% level of confidence. In two 
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previous studies (4, 5) these same ma- 
terials have been used with 30-sec. and 
60-sec. intertrial intervals defining dis- 
tributed practice. When evaluated 
against a massed condition, highly sig- 
nificant differences occurred in learn- 
ing to one perfect trial. However, in 
these two previous experiments the 
same S served in both massed and dis- 
tributed conditions. The statistical 
precision gained by such a design is 
greater than in the present experi- 
ments so that even though the quanti- 
tative differences between massed and 
distributed practice are of the same 
order in the present study as in the 
previous ones, they do not have as 
high statistical reliability. Neverthe- 
less, as far as learning these serial lists 
of nonsense syllables is concerned, we 
may conclude that the present study 
shows what several previous studies 
have shown, namely, that distributed 
practice facilitates the learning of 
serial nonsense lists. 

No appreciable difference between 
massed and distributed practice is 
evident in the learning of the paired- 
adjective lists. This finding also con- 
firms two previous reports (3, 6). 

Recall: serial lists —The recall re- 
sults for the serial nonsense lists can 
be quickly summarized verbally. Re- 
call was not influenced by the massed 
or distributed practice which occurred 
during learning; the F did not even 
approach significance. Likewise, the 
interaction between degree of learning 
and intertrial interval was far from 
significant. Only practice and degree 
of learning proved to be significant 
sources of variance at recall. We must 
conclude that we have no evidence in 
the gross recall scores that degree of 
learning interacts with intertrial inter- 
val to influence recall. 

Recall: paired-adjective lists —For 
all degrees of learning, retention of 
paired-adjective lists was somewhat 
better following distributed learning 


than following massed learning, but 
the difference at each degree of learn- 
ing was about the same. For the 
massed conditions the mean number 
of items recalled for low, moderate, 
and high degrees of learning was 
1.50, 4.58, and 5.96 items, respec- 
tively. The corresponding values fol- 
lowing distributed learning were 2.29, 
5.25, and 6.63. Even so, the F for 
recall (3.45) falls short of the 5% level 
(4.05). Statistically speaking, the 
present recall results fall between two 
comparable studies (3, 6) in that the 
effect of distribution is less than in one 
and greater than in the other. The 
evidence therefore indicates that dis- 
tributed practice of paired-adjective 
lists may be expected to produce a 
small but consistent superiority in 
recall over massed practice. Again, 
however, as in the case of serial lists, 
there is no evidence that degree of 
learning and intertrial interval inter- 
act at recall. 

Relearning.—For both kinds of ma- 
terial the only variable which proved 
significant in relearning was degree of 
original learning. The greater the 
degree of original learning, the faster 
the relearning. Trends during relearn- 
ing which occurred as a function of 
intertrial interval during original learn- 
ing were comparable to those at recall, 
but statistically none of the differences 
was reliable. 

It will be remembered that half the 
Ss relearned by massed practice and 
half by distributed practice. Thus, of 
the groups which had original learning 
under massed practice, half had re- 
learning by distributed and half by 
massed. The question is whether or 
not this change in context, i.e., change 
from massing to distribution or distri- 
bution to massing, influences relearn- 
ing. The answer is clearly negative. 
Neither kind of material showed that 
this change was a significant source 
of variance; there were even no clear 
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trends which can be reported. In pre- 
vious experiments (5, 7) serial non- 
sense lists originally learned by massed 
practice were more quickly relearned 
than those learned by distributed prac- 
tice. This fact was very apparent with 
a 48-hr. retention interval and with 
lists of high intralist similarity. In 
these experiments relearning was al- 
ways by massed practice. It thus 
might have been argued that the 
superiority of massing was due to the 
fact that the context of original learn- 
ing and relearning was the same for 
material originally learned by massing, 
whereas this was not true for the lists 
originally learned by distribution. In 
view of the present findings that 
massed or distributed relearning seems 
to be of no consequence, it is quite un- 
likely that the previous results can be 
attributed to this change of context. 
Other data bearing on the problem.— 
Our results have shown that degree of 
original learning does not interact with 
intertrial interval at recall. It would 
appear, therefore, that there is no con- 
firming evidence for trends in previous 
findings that degree of learning is a 
relevant variable in assessing the influ- 
ence of massed and distributed learn- 
ing on retention. Among previous 
findings which suggested that it was a 
relevant variable were certain item 
analyses of recall (e.g., 5, Fig. 2) 
which showed that items given a large 
number of reinforcements during learn- 
ing tended to be better recalled if this 
learning had been under massed rather 
than under distributed conditions. 
Conversely, items reinforced a small 
number of times were recalled better 
following distributed practice. Such 
evidence suggested that degree of 
learning was a relevant interacting 
variable. Having shown in the pres- 
ent studies that degree of learning is 
not a relevant variable when manipu- 
lated directly, the question still re- 
mains as to the interpretation of those 


differences which suggested the pres- 
ent experiments. 

In the item analyses mentioned 
above, items which were reinforced 
many times are largely from Ss who 
are slow learners. That is, the slow S 
gets a few items correct early in learn- 
ing, and these are repeated correctly 
trial after trial while he tries to get 
other items correct. The fast-learning 
Ss, on the other hand, acquire the 
entire list rapidly and most items are 
reinforced only a few times. These 
considerations, taken in conjunction 
with the results of item analyses as far 
as massed and distributed practice are 
concerned, suggest the possibility that 
whether massed or distributed learning 
is superior for recall depends upon the 
ability level of S. More specifically, 
it would appear that slow Ss tend to 
recall better following massed practice 
than following distributed practice, 
and fast Ss better following distributed 
than massed. In short, it might be 
that it is not degree of learning per se 
that is important, but the ability level 
of Ss. To evaluate this possibility it 
is necessary to break down total groups 
into a minimum of two groups differing 
in speed of learning. We have done 
this for several previous sets of data. 
The division into two groups was 
always based on number of trials to 
learn all experimental lists combined 
when these experimental lists were 
learned both by massed and distrib- 
uted practice. 

Recall scores for fast and slow Ss for 
the previous studies in this series show 
that in paired-associate learning, abil- 
ity level and intertrial interval during 
learning do not interact appreciably 
atrecall. There are suggestive trends 
that fast Ss are more facilitated at 
recall by distributed practice than are 
slow Ss, but until more definitive data 
are available this matter will not be 
pursued further. For serial learn- 
ing, on the other hand, the trends 
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for both recall and relearning are very 
consistent; slow Ss show better reten- 
tion following massed practice than 
following distributed, while fast Ss 
either show no difference or better re- 
call following distribution. In the 
present serial-learning experiments, 
each group of 36 Ss was divided into 
two groups of 18 Ss, each based on 
speed of original learning. The recall 
of the fast Ss is superior following dis- 
tributed practice for all three degrees 
of learning. For the slow Ss, ori the 
other hand, recall is superior following 
massed practice for moderate and high 
degrees of learning. Taken sepa- 
rately, neither of these trends is sig- 
nificant statistically. However, be- 
cause the trends were in the expected 
direction, we have made a thorough 
analysis of a previous set of serial experi- 
ments (5) in order to increase the 
number of cases in the slow and fast 
groups. These previous experiments 
involved the learning of serial non- 
sense lists of different levels of intralist 
similarity. A total of 108 Ss was used 
so that by ignoring intralist similarity 
we have 54 slow Ss and 54 fast Ss, 
each having a massed condition and 
two distributed conditions of 30 sec. 
and 60 sec. between each trial. A 
tabulation of the order of conditions 
for each group of 54 has shown that 
the two groups were almost perfectly 
balanced with regard to lists and order 
of conditions. Therefore, no bias 
should attach to either group because 
of differential practice effects or list 
differences. 

The mean number of items recalled 
for these two groups for the three inter- 
trial intervals is shown in Fig. 2. An 
analysis of variance has shown that 
interaction between ability level and 
intertrial interval is significant be- 
tween the 5% and 1% levels of confi- 
dence (F is 4.17; F at 5% level is 3.04, 
and at 1% level, 4.71). Wehave also 
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Fic. 2. Recall of serial nonsense syllables 
as a function of ability level and intertrial 
interval 


made item analyses of recall in which 
number of reinforcements during learn- 
ing is equated for massed and distrib- 
uted conditions. Again, these data 
show that for slow Ss items learned 
under massed practice are better re- 
called than those learned under dis- 
tributed practice. Fast Ss show little 
difference. These data, together with 
the trends exhibited in the present 
study and those of serial adjective 
experiments, lead us to conclude that 
recall following massed and distributed 
practice is differentially related to 
ability level. 


Discussion 


As many studies have shown, degree 
of original learning and retention are 
directly related. But, the present results 
make it clear that whether retention is 
better following massed practice or follow- 
ing distributed practice in no way depends 
upon the degree of original learning per 
se. In neither paired-associate learning 
nor serial learning has degree of learning 
and intertrial interval shown an inter- 
action at recall. The evidence which we 
first believed indicated that degree of 
learning and intertrial interval do inter- 
act at recall now appears to indicate that 
it is the ability level of Ss which is in- 
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volved, and not degree of learning. Fol- 
lowing serial learning by massed practice 
retention will be better than following 
distributed practice for slow Ss. Fast Ss 
are more likely to show either better re- 
tention following distribution, or little 
difference in retention following massed 
and distributed practice. As indicated 
earlier, these relationships have appeared 
consistently in our studies involving serial 
learning but not in paired-associate learn- 
ing. And, of course, we cannot specify in 
absolute terms what is meant by fast- and 
slow-learning Ss. All we havé done to 
discover these differences in retention for 
fast and slow Ss is to divide our original 
group into two equal-sized groups based 
upon rate of learning. 

The fact that ability level and inter- 
trial interval interact in retention allows 
resolution of contradictions between 
Hovland’s work (2) and our previous 
findings (5, 7). Hovland found that 
distributed practice was followed by 
much better retention than was massed 
practice. In our studies we have found 
either better retention following massed 
practice than following distribution, or no 
difference. In no case have we found 
that serial nonsense lists give better reten- 
tion following distributed practice than 
following massed practice. The reason 
for this contradiction between Hovland’s 
and our findings very likely lies in differ- 
ences in ability level of the Ss used. 
Hovland’s Ss as a group were more rapid 
learners than even our “fast” group shown 
in Fig. 2. On the average, our fast group 
required about 20 trials to learn a list of 
13 syllables. Hovland’s Ss required 
approximately 12 trials to learn a list 
of 12 syllables. These wide differences in 
learning ability may be attributed to the 
fact that Hovland’s Ss were very well 
practiced, or that they had higher rote- 
learning ability, or both. Whatever the 
reason for these large differences in learn- 
ing speed, it can be seen that on the basis 
of our evidence, Hovland’s Ss, being very 
rapid learners, might be expected to show 
better retention following distributed 
practice than following massed practice. 

The bases for the interaction in reten- 
tion between intertrial interval and abil- 


ity level will need much further study. 
We will need to know whether the differ- 
ences in ability level must be “native” 
before the interaction occurs or whether 
initially slow Ss, after becoming very 
well practiced, will respond in the same 
fashion as initially fast Ss. Our data 
indicate that paired-associate lists do not 
show the interaction with ability level 
and intertrial interval that serial lists 
do. Yet, our data from paired-associate 
learning have shown trends which suggest 
that fast Ss will be more facilitated in 
retention following distributed practice 
than will slow Ss. This problem must 
be further explored by obtaining Ss with 
a greater range in ability level. It must 
also be noted that we have no way of 
telling from our data whether the differ- 
ences in retention following massed and 
distributed learning for slow Ss result 
from a depression of recall following dis- 
tribution or a facilitation following mass- 
ing, or a combination of both. This, of 
course, makes the theoretical or explana- 
tory problem a difficult one. 

Superficially it might appear that a 
simple inhibition theory (e.g., reactive- 
type inhibition) would be appropriate to 
account for the differences in retention of 
fast and slow Ss. Slow Ss, taking many 
more trials to learn than fast Ss, would 
have generated much more inhibition un- 
der massed practice than under distribu- 
ted practice. Following the 24-hr. rest, 
during which the inhibition dissipates, the 
items learned under massed practice would 
appear stronger than those learned under 
distributed practice. However, if this is 
the case we would expect that distributed 
practice would facilitate the learning of 
slow Ss much more than the fast Ss. 
Our analysis of the data on this matter 
shows this not to be true; fast Ss are 
facilitated as much by distributed prac- 
tice as are slow Ss. Or, to say it another 
way, there is no interaction between 
intertrial interval and ability level during 
learning. It seems unlikely, therefore, 
that a simple inhibition theory will be 
appropriate. 

SUMMARY 


Some evidence had suggested that whether or 
not distributed learning facilitates retention of 
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rote-learned materials depends in part upon the 
degree of original learning. Accordingly, a 
series of conditions was run to determine if 
intertrial interval and degree of original learning 
interact at recall. Two sets of materials were 
used, namely, serial nonsense lists and paired- 
adjective lists. One group of Ss learned serial 
lists under massed practice (2-sec. intertrial inter- 
val), and another group learned under distributed 
practice (30-sec. intertrial interval). With two 
additional groups the same conditions held for 
paired adjectives. Within each group three dif- 
ferent conditions were used, these conditions dif- 
fering only in degree of learning attained before 
the 24-hr. retention interval. 
The results show: 


1. Degree of original learning and intertrial 
interval during original learning do not interact 
during retention for either paired adjectives or 
serial syllables. 

2. No significant differences were found in 
retention following massed and distributed learn- 
ing, but all trends conform to previous findings in 
this series. 

3. Change of context between original learn- 
ing and relearning, change of context being 
defined as having massed practice during learning 
and distributed practice during relearning or 
vice versa, does not influence retention as meas- 
ured by relearning. 

4. Analyses of previous experiments as well as 
the present one indicated that degree of learning 
had appeared to be a relevant variable because 
differences in ability of Ss is a relevant variable 
differentially influencing recall following learning 
by massed and distributed practice. -For serial 
learning slow Ss show better retention following 
massed learning than following distributed learn- 
ing; fast Ss show no difference or better recall 
following distribution. For paired-associate 
learning no significant interaction occurs at 


recall between ability level and intertrial inter- 
val. These findings are used to account for 
existing discrepant results on the relation be- 
tween distribution of practice and retention. 
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THE PRINCIPLE OF SELECTIVE ASSOCIATION 
OF DRIVE STIMULI! 


CHARLES B. WOODBURY AND DAVID H. WILDER 
Oberlin College 


The present experiment was de- 
signed to test, through two types of 
measures, Kendler’s suggestion that 
“only those drive stimuli which are 
themselves reduced become connected 
to a rewarded response” (2; p. 217). 
The results partially confirm, in a com- 
plex maze situation, those of Levine 
(4). 


METHOD 


Experimental design.—Two groups of 20 naive, 
young male albino rats were given one trial per 
day on an elevated eight-unit multiple-U maze, 
with correct choices in the order RLLRLRRL. 
Both groups were alternately hungry (approx. 22 
hr.) and hungry and thirsty (22 hr. each). The 
control group was rewarded with food on each 
trial; the experimental group, with food on hun- 
ger days and water on hunger-thirst days.” 
Kendler’s principle would predict that the experi- 
mental group should learn more slowly than the 
controls, since the learning with one drive re- 
warded would not transfer to the alternate days 
when only the other drive was operative. 

As each S reached the criterion of a total of 
four errors or less during three consecutive trials, 
he was started on a test series of one trial per day 
under thirst alone, with water reward. In this 
case, Kendler’s principle would predict that the 
control group should show a greater decrement 
in performance than the experimental group; a 


1 Based on an M.A. thesis (5S) by the junior 
author, directed by the senior author. 

2To test the functional equivalence of the 
hunger and thirst components of the double drive 
state, a supplementary experiment was carried 
out in which two groups of ten rats each were 
maintained on the same dietary schedule as those 
in the main experiment. They were run only 
on double drive days, however, one group with 
food reward and one with water. The rate of 
learning of the two groups was almost identical: 
food group, 16 trials and 57.5 errors; water group, 
17 trials and 53.5 errors. We conclude that the 
hunger and thirst components on the double 
drive days were functionally equal, under the 
deprivation and reward conditions used. 


nonselective or Hullian principle, on the other 
hand, would predict no such difference. 

Apparatus.—The starting and transverse sec- 
tions of the maze were 36 in. long, while the 
arms of each U were 24 in. long. The pathway 
was 1.25 in. wide. The maze ran diagonally 
across a room 18 ft. square, lighted by four over- 
head fixtures. In both training and test series, 
olfactory and other local cues were controlled by 
varying the order of running Ss, by interchanging 
maze units, and reversing transverse sections 
daily. 


RESULTS 


Although running times were ana- 
lyzed, they are not reported here as 
they parallel the error scores through- 
out. They may be found in the orig- 
inal study (5). 

Table 1 provides a quantitative sum- 
mary of the error data. Comparison 


TABLE*1 


Mean Scores purinc Oricinat LEARNING 
AND DURING SUBSEQUENT TEST 
UNDER Tuirst ALONE 








Control} Exp. 
Score Group* | Group t ? 
(N =19)|(N =20) 


Trials to criterionf | 19.3 | 20.3 .235 | .10 





Total errorst 79.1 | 81.1 .189 | .10 
Errors on all 

hunger dayst 39.9 |43.9 | .781 |.10 
Errors on hunger 

Days 1-7 28.4 | 31.1 11.385 | .10 


Errors on last 3 days 
of training series 3.47 | 3.05 |1.564 | .10 
Errors on last day of 


training series 1.0 t a [2-232 02 
Errors on first day 
of thirst test 4.4 1.9) |4.378 | .001 


Error increase from 
last training to 
first thirst testday| 3.4 1.4 |4.000 | .001 

















* Excluding results from one atypical animal that 
failed to reach criterion in trials. 
+ Excluding criterion trials. 
ifferences within these two pairs of means are 
both significant beyond the .001 level. 
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of the two groups with respect to num- 
ber of trials to reach criterion, errors 
in learning, and errors on the hunger 
days alone (presumably a more sensi- 
tive test of Kendler’s hypothesis) re- 
veals no significant difference in the 
ease of learning the original maze habit 
under alternating drives. 

Upon being tested under thirst 
alone, however, both groups showed 
significant increases in error scores, 
and the increase of the control group 
(never reinforced with water) was sig- 
nificantly greater than that of the 
experimental group. 


Discussion 


It is clear that the prediction based on 
the “‘selective principle” of association is 
not confirmed by these results, in the 
original learning phase of the experiment. 

The relatively small number of errors 
made by the experimental group in the 
subsequent test under thirst alone, how- 
ever, would seem to support the selective 
principle; it is, at any rate, consistent 
with it. This paradox raises the question 
of whether the difference between groups 
in the thirst test is actually incompatible 
with a nonselective principle such as 
Hull’s. 

It is our belief that this difference could 
be accounted for in terms of Hull’s con- 
cept of the fractional anticipatory goal 
response (1, pp. 124 ff.) From this view- 
point, the anticipatory drinking re- 
sponses, reinforced in the original train- 
ing for the experimental group, could 
function effectively as cues during the 
thirst test; for the control group, how- 
ever, such fractional anticipatory drink- 
ing responses would never have been 
reinforced during training and would be 
ineffective as cues later. The thirst test 
results may also be related to the Kendler 
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and Levine finding (3) that thirst results 
in aversion to dry food. In view of these 
possibilities, it seems clear that these 
results cannot be advanced as strongly 
supporting the selective principle. 


SUMMARY 


In order to test Kendler’s “selective principle” 
of association between drive states and learned 
behavior, two groups of 20 male albino rats were 
trained on an eight-unit elevated multiple-u 
maze, one trial per day, under alternating hunger 
and hunger-plus-thirst drives. The control 
group was rewarded with food on all days; the 
experimental group, with food on hunger days 
and with water on hunger-plus-thirst days. 
After reaching criterion, each S was run under 
thirst drive alone, with water reward. 

Contrary to prediction from the selective prin- 
ciple, the groups showed no difference in speed 
of learning the maze. In the thirst test, both 
groups showed a significant increase in errors 
over the last training trial. The control group, 
moreover, showed a significantly greater increase 
than did the experimental group. 

It is concluded that these results offer no sup- 
port for the hypothesis of selective association 
of drive states to responses. 
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TRANSMITTED INFORMATION AND THE LENGTH 
OF RATING SCALES 


A. W. BENDIG 
University of Pittsburgh 


A previous paper by Bendig and 
Hughes (1) has suggested that infor- 
mation theory may be profitably ap- 
plied to problems in constructing rat- 
ing scales. The stimuli-rater-scale 
combination can be viewed as a com- 
munication channel with the stimuli 
providing the input information for 
the system, the rater acting as the 
transmission channel, and the scale 
operating as a decoder to yield output 
information. This analogy suggests 
many research problems concerning 
the effect of constraints acting on this 
channel at various points upon the 
transmission of information by the 
system. It is obvious that constraints 
applied at the input source, i.e., re- 
stricting the amount of information 
per stimulus, should reduce the aver- 
age amount of information trans- 
mitted per response. However, con- 
straints implicit in the rater, such as 
his channel width (the number of 
different types of symbols that can 
be transmitted), transmission speed 
(number of symbols per unit of time), 
and average amount of noise per sym- 
bol (rater error), will impose upper 
limits upon channel capacity, but the 
form of thése functional relationships 
are, at this point, unknown. Con- 
straints at the response (output) end 
of the channel, such as the number of 
possible alternative responses (length 
of scale) and the adequacy of scale 
anchoring in restricting total response 
information to stimulus-relevant infor- 
mation, may also influence channel 
capacity. 

Bendig and Hughes (1) also pre- 
sented data relating to the effect of 


scale constraints upon the transmis- 
sion of information. Scales varying in 
the number of categories (3, 5, 7, 9, or 
11) and in anchoring conditions (cen- 
ter category verbally anchored, both 
end categories anchored, or center and 
end categories anchored) were used by 
225 raters to rate their knowledge of 
12 foreign countries. The mean infor- 
mation transmitted per rating in- 
creased with greater anchoring of the 
scale. Transmitted information in- 
creased apparently linearly as a func- 
tion of the number of scale categories, 
although a slight deceleration of the 
increase was noted between 9 and 11 
categories. 

This above-noted decelerated in- 
creasing relationship between trans- 
mitted information (/,) and the num- 
ber of scale categofies (R) may be 
explained on the basis of a rectilinear 
relation between J, and log R.' This 
appears plausible on rational grounds 
since log R, in the terminology of 
Garner and Hake (2), represents the 
maximum amount of information per 
symbol (Maximum Response Infor- 
mation or Maximum /,) that a scale, 
used with a noiseless channel, is cap- 
able of transmitting. Theoretically it 
appears likely that the amount of 
information actually transmitted per 
symbol is a constant fraction of the 
maximum amount that could possibly 
be transmitted. If correct, this for- 
mulation may be somewhat analogous 
to the concept of the signal-noise ratio 
in communication research. How- 
ever, the rectilinear relation of J, and 


1 Logarithms referred to in this paper are to 
the base of two. 
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log R, inferred a posteriori from the 
previous study, needs to be checked 
in a new sample. 


EXPERIMENT [| 
Method 


Scales.—Numerical rating scales with 2, 3, 5, 
7, and 9 categories were constructed and mimeo- 
graphed along with rater instructions and the 
stimuli to be rated on single sheets. For the 2- 
category scale the instructions to the rater were 
those used by Wallen (8, p. 78). For the longer 
scales the instructions were modified to request 
Ss to rate each of the stimuli using the scale 
provided on the page. Three anchoring state- 
ments were used to define the center and both 
end categories of the scales of length 3, 5, 7, or 9. 
The anchoring statements were: 


1. I like this food very much and eat it 
often. 

2. I am somewhat neutral toward this 
food, neither liking nor disliking it 
much. 

3. I dislike this food so much that I refuse 
to eat it. 


The stimuli to be rated were the 20 foods used 
by Wallen (8, p. 80). These foods had originally 
been selected from a list of 142 foods (7) using 
the criteria that the foods were familiar to at least 
90% of a group of 545 college Ss and disliked by 
not more than 10% of this group. 

Subjects —The Ss were 249 students in intro- 
ductory and social psychology classes. The rat- 
ings of 13 Ss were excluded from the analysis 
because S used less than one half of the available 
categories in rating the foods. Thus, an S, using 
the 5-category scale, who used only ratings of one 
and five was not included. 


Results 


The information analysis followed 
the procedure (Method I) detailed by 


Garner and Hake (2), using the con- 
venient table of p log p provided by 
Newman (6). This analysis was per- 
formed on each of the five lengths of 
rating scales and the data can be 
found in Table l. As expected, trans- 
mitted information increased with 
longer scales from a value of..06 bits 
with the 2-category scale to .34 with 
the 9-category scale. 

The original hypothesis of this in- 
vestigation suggested that the linear 
correlation of the transmitted infor- 
mation values given in Table 1 with 
log R values would be extremely high 
and statistically significant. The cor- 
relation of J; with log R was .950, 
this coefficient being significantly dif- 
ferent from zero at the .05 level. The 
regression equation for predicting 
transmitted information from the log- 
arithm of the number of scale cate- 
gories was computed and found to be: 


I, = .114log R — 019 +r = .950 


Discussion 


The hypothesis suggested in the intro- 
duction to this paper, that the informa- 
tion transmitted by a rating scale is a 
rectilinear function of the maximum pos- 
sible transmission, appears to be con- 
firmed by the high correlation between 
I, and log R. However, the relation of 
I, and R between the limits of R = 3 and 
R = 9 is essentially a rectilinear relation, 
and it is only when shorter or longer 
scales are used that the decelerated na- 











TABLE 1 
Inrormation ANALysis or Ratinc ScaLtes Varyinc in NuMBER oF CATEGORIES ON THE SCALE 
Number of : Maximum Obtained : 
Number of S 1 R T ed 
Cat i Stim a i Sadatinanions Ne mee dl I a. Squiveutien icouaiion 
2 20 4.32 1.00 0.47 0.41 06 
3 20 4.32 1.58 1.40 1.20 .20 
5 20 4.32 2.32 2.12 1.85 27 
7 20 4.32 2.81 2.62 2.35 .27 
9 20 4.32 3.17 2.98 2.64 34 
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I, AND LENGTH OF RATING SCALES 


ture of the increase in J; with greater R 
becomes evident. 

As an interesting comparison, the cor- 
relation and regression equations were 
computed between the mean J; and log 
R data reported by Bendig and Hughes 
(1). The ratings of 12 foreign countries 
by 225 college students using scales with 
3, 5, 7, 9, and 11 categories gave the 
following correlation and equation: 


I, = .126log R+ .143 r = .983 


A comparison of these two equations 
suggests several interesting hypotheses. 
Both of the correlations are quite high 
(.950 and .983) and support the hypoth- 
esis that J; is highly and consistently 
related to log R. The similarity in the 
slopes of the equations (.114 and .126) 
and the greater dissimilarity in equation 
constants (—.019 and .143) leads to the 
suggestion that for college Ss (at least) 
the rate of gain of information with 
longer scales is relatively invariant, but 
that the absolute amount of information 
per scale length is related to some aspect 
of the rated stimuli. In an analogous 
sense, one minus the slope of the equation 
might be defined as rater “noise,”’ i.e., the 
relative loss of information in the stimuli- 
rater-scale communication channel. Con- 
straints on the “width” of this channel at 
the scale end, then, do not appear to 
greatly influence the relative magnitude 
of noise in the channel, but do influence 
the absolute amount of loss in transmis- 
sion. In comparing short and long scales, 
more information is transmitted with 
longer scales, but the amount actually 
transmitted of the amount that theoret- 
ically could be transmitted by the scale 
remains constant. 

One difference between the above two 
stimulus lists that could possibly account 
for the difference in equation constants 
is the amount of stimulus information 
(input) represented by each list. Stim- 
ulus information (J,) is usually varied in 
three ways, i.e., by varying the number 
of possible stimuli presented to S, by 
varying the probability that any given 
stimulus will be presented, and by vary- 
ing the sequential probability that one 
particular stimulus will be followed by 
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some other stimulus. These three meth- 
ods of varying 7, were used by Hyman 
(3) in his study of the relation of J, and 
verbal reaction time. Essentially the 
same linear relationship between J, and 
reaction time was found for each of the 
three methods used to vary J,. However, 
a fourth method of varying J, may be 
more applicable to the rating situation. 
As pointed out by Garner and Hake (2), 
each stimulus (S) represents a range of 
possible stimuli or events (E;, Es, E;. . 
E,) along an underlying event continuum. 
Stimulus information, then, is informa- 
tion about this event continuum. It can 
be argued that the width of the event 
continuum represented by the hetero- 
geneity of the stimuli selected is also an 
important determinant of stimulus infor- 
mation. The researcher selecting stimuli 
to be rated acts as an encoding device, 
determining that a certain series of events 
shall be represented by a single message, 
the stimulus. If a heterogeneous set of 
stimuli is selected, then these stimuli 
represent a wide range of the event con- 
tinuum, and each single stimulus (S) rep- 
resents many possible events (E’s). The 
problem for the rater in rating each stim- 
ulus is one of saying that this large number 
of events (represented by the stimulus) is 
the same as, or different from, the events 
represented by each category on the rat- 
ing scale. Such a discriminative response 
on the part of a rater provides us with 
many comparisons between events and 
consequently yields much information 
about single event differences along this 
wide event continuum. However, for 
homogeneous stimuli éach rater discrimi- 
nation gives fewer event comparisons and 
provides less information about the total 
event continuum. 

The above analysis suggests that if 
stimulus lists varying in the heterogene- 
ity of the stimuli were rated using 
scales varying in length, 7; would be an 
increasing linear function of log R (or 
Max /,), the slopes of these equa- 
tions would fluctuate only because of 
sampling error, and the magnitude 
of the equation constants would be re- 
lated to the stimuli heterogeneity of the 
lists. Corollaries of these hypotheses are 
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TABLE 2 
InrorMATION Measures DerIvep FROM THE Ratincs or Stimutus Lists 

: Maximum Obtained La 
S i Scal Number of R T ted 
“List Length Raters” | ,Response | | Response | pauivocation | Information 

1 2 24 1,00 70 54 16 

3 25 1.58 1.40 1.20 20 

4 22 2.00 1.82 1.51 31 

5 23 2.32 2.19 1.83 36 

2 2 20 1.00 78 a 07 

3 25 1.58 1.39 1.17 22 

4 21 2.00 1.81 1.56 25 

5 21 2.32 2.15 1.87 28 

3 2 25 1.00 62 56 06 

3 27 1.58 1.35 1.21 14 

4 24 2.00 1.86 1.69 17 

5 22 2.32 2.08 1.82 26 























that the absolute amount of J; trans- 
mitted by the scales would increase with 
longer scales and also with increasing 
stimulus heterogeneity. 


EXPERIMENT II 


Method 


Stimuli—In the previous study 236 Ss had 
rated the list of 20 foods as to preference value. 
From their mean ratings these foods were ranked 
in order from the mast liked to the least liked 
food. Three sublists each containing 10 foods 
were then selected for the present study. List 1, 
the list containing the most heterogeneous food 
stimuli, was composed of the top five and bottom 
five foods from this ranking. List 2, of inter- 
mediate heterogeneity, was composed by select- 
ing, in a double alternation pattern, 10 foods 
from this ranking. Foods ranked 1, 4, 5, 8, 9, 
12, etc. were used for List 2. List 3, with the 
most homogeneous stimuli, contained the middle 
10 foods: those ranked from 6 to 15. All three 
lists had a mean rank of 10.5 in the original 
ranking, but rank variances of 58.25, 34.25, and 
8.25. The original list of 20 foods had, of course, 
a mean rank of 10.5 and a rank variance of 33.25. 

Scales.—Four lengths of scale were used, con- 
taining 2, 3, 4, or 5 categories. The three de- 
scriptive statements used in the previous study 
were used to verbally anchor these scales. Scales 
with 3 or 5 categories had an anchor under each 
of the end categories and also under the center 
category. The 4category scale also had an 
anchor under each end category, but the center 
statement was located midway between the two 
center categories. For the 2-category scale the 
center anchor was omitted, and the, two end 


anchoring statements used with the other three 
scales were placed under the two categories. 
The lowest category on each scale was given a 
numerical weight of 1, the highest category num- 
bered 2, 3, 4, or 5, with intermediate categories 
numbered accordingly. 

Subjects.—The 12 combinations of three stim- 
uli lists and four lengths of scale were mimeo- 
graphed with instructions on single sheets and 
randomly distributed to 278 Ss. The Ss were 
students enrolled in daytime sections of intro- 
ductory, social, applied, and educational psy- 
chology classes. The raters were told that E 
was investigating the adequacy of different rating 
scales in assessing the food preferences of college 
students. 


Results 


Information measures for each of 
the 12 subgroups (three stimulus lists 
by four scale lengths) were computed, 
and these measures are found in Table 
2. Linear regression equations relat- 
ing J, to log R were derived separately 
for each of the stimulus lists and were 
found to be: 

List 1 J, = .160 log R — .0185 +r = .974 


List 2 J; = .159 log R — .0693 + = .962 
List 3 I, = .143 log R — .0892 +r = .980 


Our original hypotheses predicted 
that (a) there would be a positive in- 
creasing relationship between J; and 
log R for each of the three lists; that 
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(5) when regression equations were 
fitted to the data from each list, the 
three equation constants would differ 
significantly, with the list containing 
the most heterogeneous stimuli, List 1, 
showing the largest constant; and that 
(c) the slopes of the three regression 
lines would not vary significantly. 
Visual inspection of the above equa- 
tions confirms these predictions, but 
statistical tests of significance are 
necessary for adequate judgment. 
This immediately raises the as yet un- 
solved problem of the theoretical 
sampling distribution of information 
measures. In the absence of a deri- 
vation of the sampling distribution of 
I, we might assume normality, but 
such an assumption appears highly 
hazardous. In the following statis- 
tical analysis we have applied non- 
parametric rank tests of significance 
that do not require assumptions about 
the form of the population distribu- 
tion. However, it must be admitted 
that such tests of significance lack 
power and consequently increase the 
probability of Type II errors. 

The first question to be answered 
was whether the slopes of the three 
equations were each significantly dif- 
ferent from zero. The three product- 
moment correlations between J; and 
log R were all significant at the .05 
level, and this was confirmed by rank- 
difference correlations of 1.000 for 
each list between the same two vari- 
ables. Since the equation slopes were 
all significant in a positive direction, 
then each list should show its smallest 
I, value for the shortest scale length 
and its largest value with the longest 
scale. The four J; values from each 
list were ranked in order of magnitude 
and the three ranks (one from each 
list) summed for each of the four scale 
lengths. Applying Kendall’s coeffi- 
cient of concordance (W) to the four 
sums of ranks (one for each length) the 


W value was 1.000 which is significant 
at the .001 level (5, p. 147). If either 
the slopes of the equations or the equa- 
tion constants (or both) vary signifi- 
cantly among the three equations, we 
would expect the mean absolute values 
of J, to vary significantly between the 
lists. To test this assumption the 
three J; measures at each scale length 
(one from each list) were ranked and 
the sums of the four ranks (one from 
each scale length) were found for each 
list. The W value for the obtained 
sums of ranks was .812 which is sig- 
nificant at the .05 level (5, p. 146). 
This appears to establish that either 
the equation slopes or constants or 
both are significantly different from 
one equation to another. Finally, the 
significance of the variation in slopes 
was tested. If the slopes vary, the 
variability among the J; measures 
from the three lists should be a func- 
tion of the length of the scale. The 
four J, measures from List 1 were 
paired with the four 7, measures from 
List 2 and the four differences 
obtained. These differences, taking 
regard to algebraic sign, were then 
ranked. Similar differences from the 
comparison of List 1 with List 3 and 
from comparing List 2 with List 3 were 
obtained and ranked. The sums of the 
three ranks (one from each compari- 
son) were obtained for each of the 
four lengths of scale and W computed 
from these sums. W equaled .178 
which is not significant at the .05 level 
(approximate probability of .80). It 
appears plausible to conclude that 
there is no relationship between the 
variability of 7, measures and scale 
length which logically leads to the con- 
clusion of no significant variation in 
the slopes of the three equations. 
Therefore the significant variation in 
I, measures among the lists must be 
attributed to significant variation in 
equation constants. Parametric and 
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more powerful tests of the differences 
between equation slopes and constants 
(4, pp. 88-91) were computed, and 
they gave results similar to those of 
the above rank tests. 


Discussion 


Our results appear to confirm the 
hypotheses given in the introduction to 
this paper. The three equations relating 
Max J, and J, describe a family of par- 
allel straight lines with the same positive 
slope. Only the vertical displacement of 
the lines, represented by the equation 
constants, seems to vary as a function of 
stimulus heterogeneity. Since at present 
there is no method available for getting 
an absolute measure of stimulus hetero- 
geneity, the form of the functional rela- 
tionship between stimulus heterogeneity 
and the equation constant cannot be 
determined. In the absence of empirical 
data defining this relationship we might 
assume it to be rectilinear, but such a 
simplifying assumption needs experimen- 
tal test. 

One additional assumption has been 
used in this study, i.e., that J; is a func- 
tion of Max J, and not of the obtained 
I,. In all three studies obtained J, has 
been very similar to, but less than Max 
I, (or log R), since the raters tended to 
use each of the response categories equally 
often. Relating J; to obtained J, in these 
three experiments yields equations whose 
slopes are approximately the same as 
those reported, but whose constants are 
slightly smaller. This assumption im- 
plies that the possible information lost 
by the discrepancy between Max J, and 
obtained J, is “‘noise”’ or criterion-irrele- 
vant information and that such a loss of 
possible information does not affect J; or 
stimulus-relevant information. If cor- 
rect, such an assumption suggests an 
important method of reducing relative 
“noise” (E,) in the rating situation, i.e., 
deliberating varying scale anchors to re- 
duce the obtained J,. However, if the as- 
sumption is not valid, then such a reduc- 
tion in obtained J, would also reduce the 
obtained J; The assumption seems to 
be important enough both practically 


and theoretically to demand experimen- 
tal test. 
SUMMARY 


Two studies are reported applying informa- 
tion theory to rating scales. In the first study 
rating scales with 2, 3, 5, 7, and 9 categories 
were used by 236 Ss to rate preference values of 
20 foods. The information transmitted by each 
scale length was computed. Transmitted infor- 
mation showed a significantly high correlation 
with the logarithm of the number of scale cate- 
gories. It was concluded that the amount of 
information actually transmitted by a rating 
scale is a constant fraction of the maximum 
amount that could be transmitted under noise- 
less conditions. The second study checked this 
relationship when the input to the rater is 
stimulus lists varying in stimulus information. 
Three lists of ten foods were rated by 279 Ss 
using 2-, 3-, 4, or 5-category rating scales. 
Foods for each list were selected so as to vary the 
heterogeneity of stimuli on each list. Informa- 
tion measures were computed and equations 
relating Transmitted Information (J,) and Maxi- 
mum Response Information (log R) found for 
each list. The obtained equations (a) showed a 
rectilinear positive relationship between J; and 
log R, (b) did not vary significantly in their 
slopes or rate of increase, and (c) demonstrated a 
positive relation between the magnitude of equa- 
tion constants and the stimulus heterogeneity of 
the lists. 
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Maximum proficiency in tracking 
will occur only when the operator posi- 
tions the indicator so that it matches 
exactly the target position for every 
given instant of the course. This level 
of performance can be achieved only 
in theory. Target acquisition for an 
errorless run requires complete elimi- 
nation of initial error by positioning 
movements that place the indicator 
on target and maintain it there. Er- 
rorless performance can be maintained 
only if rate of change in position of the 
target is predictable. With unpredict- 
able target motion, error will occur. 
The operator can return to the on- 
target condition oniy after perceiving 
the magnitude and direction of error, 
and by adjusting his tracking move- 
ments. Thus, error is the rule. It 
also is the source of information by 
means of which the operator responds 
to reduce error. There is a continu- 
ous interaction between discrimination 
of error and adjustment of the track- 
ing controls. There are time limita- 
tions, however, on this process. An 
error must reach a certain magnitude 
before it is perceived. This takes 
time, as do also the responses designed 
to correct the error. Maximum profi- 
ciency must therefore be defined as 
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minimum error of tracking, and the 
role of error in its achievement must 
be recognized. 

A variable that may contribute to 
faster learning and increased ultimate 
proficiency is intermittence in the pres- 
entation of the target. If the target 
is continuously viewed, and par- 
ticularly if there is always an observed 
error, S will make continuous adjus- 
tive movements. He may increase 
the magnitude of his error by the con- 
tinuous attempt to correct for error. 
It is also possible that this condition 
will result in a relatively high fre- 
quency of oscillation in the magnitude 
of tracking errors. If the target is 
present only intermittently, S can 
observe error only when the target is 
present and make adjustments only 
in terms of temporally limited obser- 
vations. During the period when the 
target is absent, adjustive movements 
will not be made, and tracking should 
continue smoothly during these inter- 
vals at rates previously established. 
If this is so, there should be some opti- 
mal frequency of target intermittence 
for both accurate and smooth tracking. 
Tracking proficiency should decrease 
on either side of this frequency, becom- 
ing poorer both for increasing and 
decreasing frequencies. 

The purpose of the present investi- 
gation is to determine the relation 
between proficiency in tracking and 
frequency of target intermittence. 
The experiment also provides a basis 
for evaluating the effect of amount of 
practice on this relation. 
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APPARATUS AND PROCEDURE 


The standard Pedestal Sight Manipulation 
Test (PSMT) has been described by Melton (5). 
This apparatus was modified to permit control 
of the frequency of intermittent target presenta- 
tion by means of an electronic light flash genera- 
tor. The circuits and operation of this instru- 
ment are described by Roush and Hamburger 
(6). A Sylvania type R1131C glow modulator 
tube replaced the standard 150-w. bulb in the 
projector unit of the PSMT. The scoring area 
at the standard calibration point (5) was set at 
12 mils (approximately } in.) for both azimuth 
and elevation. The range band at the same 
calibration point was set at 6 mils (approxi- 
mately 5/16in.). Standard Electric clocks were 
used to record the scoring times in .001 min. 
Additional measures were obtained from count- 
ers that recorded the number of times S moved 
into and out of the scoring area. Separate counts 
were obtained for azimuth and elevation, and for 
azimuth, elevation, and range. 

The 16 Ss were male undergraduate students 
at the University of Wisconsin. They were paid 
75 cents per hour for participating in the experi- 
ment. Since the experiment was conducted 
under conditions of low illumination, Ss were 
required to wear red adaptation goggles for at 
least 5 min. prior to entering the experimental 
room. Several additional minutes of adaptation 
occurred before tracking proficiency was meas- 
ured. Each S received one trial of eight attacks 
for each of the eight frequencies of target inter- 
mittence in each of the four practice sessions. 

At the first session, the instructions were read. 
They were not read again, but S was reminded of 
the nature of his task at each practice session. 
The instructions described the sight and the con- 
trols, and E demonstrated to S how to track and 
frame. Scoring was explained and S was in- 
formed that the target would go on and off inter- 
mittently. He was instructed to continue move- 
ment of the sight and range knob in anticipation 
of the course of the target. The kneeling plat- 
form was adjusted and questions were answered. 
The S removed his goggles and E left the experi- 
mental room to operate the control apparatus 
for the first trial of eight attacks. 

A single 8 X 8 latin square was used for each 
of the practice sessions. The eight conditions 
of target intermittence were .4, .7, 1.0, 2.1, 4.1, 
6.0, 8.2, and 16.1 cps. Limitations of the light 
flash generator made it impossible to provide the 
desired 50/50 light-dark ratio at all frequencies. 
The ratios were 20/80, 31/69, 47/53, 50/50, 
49/51, 50/50, 50/50, and 41/59, respectively, for 
the different frequencies. Also, brightness of the 
target was not constant, but was a function of 
frequency (1). ; 

The experiment actually made use of two 


copies of the PSMT and two Ss were tested si- 
multaneously. Since it was not possible to main- 
tain the required calibration standards with the 
second apparatus, the results for the two devices 
differed and the data could not be pooled. Al- 
though the results obtained with the second 
apparatus are similar to those obtained with the 
other, they are not presented here, in order to 
conserve space and simplify the presentation. 
The requirement of testing two Ss simultane- 
ously and the failure of some Ss to keep initial 
appointments for Session 1 resulted in an unequal 
number of Ss for the eight sequences of target 
conditions. Satisfactory schedules, however, 
were maintained for Practice Sessions 2, 3, and 4. 
Only the results obtained in these sessions are 
presented. 


RESULTS 


The measures of the amount of time 
each S simultaneously scored in azi- 
muth and elevation (AE) and azimuth, 
elevation, and range (AER) were ana- 
lyzed. Analysis of the counter meas- 
ures of the number of times on and off 
target, and analysis of derived scores 
based on both time on target and 
counter measures, yielded essentially 
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TABLE 1 
Summary or ANALYSES oF VARIANCE or AE anp AER Scores 
AE AER 
Source df 

Mean Square Vs* F Mean Square | V:* P 
1. Target conditions 7 3.408839 8 | 134.98** | 0.201539 8 | 26.67** 
2. Ordinal position 7 0.031031 8 1.23 0.003970 8 0.50 
3. Sequence 7 0.720790 9 4.38** | 0.139416 8 | 17.68** 
4. Practice session 2 0.184999 8 7.33** | 0.007580 8 0.96 
5. PS X TC 14 0.003451 8 0.14 0.008265 8 1.05 
6. PS X OP 14 0.004123 8 0.16 0.002293 8 0.29 
7. PSXS§ 14 0.021496 10 1.68 0.007154 10 0.41 
8. Square uniqueness 42 0,025255 11 3.43** | 0.007886 11 1.68** 
9. Ss within seq. 8 07164510 10 12.85** | 0.012274 10 0.43 
10. PS X Ss with. 16 0.012803 11 1.74** | 0.039958 ll 8.50** 
11. Pooled error 252 0.007362 -= ao 0.004701 _ -- 

* Mean square used as denominator in F ratio. 
** Significant at the .05 level of confidence. 
the same results as did the time-on- wards (3). Each of the analyses is 


target scores. For this reason, the 
results of neither of these latter anal- 
yses are presented. Figure 1 presents 
plots of the functions between track- 
ing proficiency (in terms of mean AE 
and AER measures converted to per- 
centage of maximum possible time on 
target) and target conditions. The 
upper half of the figure gives the curves 
for the individual practice sessions, 
and the lower half gives the curves 
based on means for all sessions. The 
shape of the functions is comparable 
for all conditions plotted. Tracking 
proficiency is poorest at the lowest 
frequency; it increases rapidly with 
increase in frequency to a maximum 
at 8.2 cps and then declines at 16.1 
cps, the steady state target condition 
above fusion frequency. The function 
is steeper and shows greater differences 
between target conditions for AE than 
for AER. Level of proficiency for the 
more difficult AER performance is 
lower than for the AE. The AE 
curves for sessions show a practice 
effect, but those for AER show little 
or none. 

The procedure for analysis of repli- 
cated latin-square designs has been 
described by Grant (4) and by Ed- 


concerned with three repetitions of an 
8 X 8 latin square with two replica- 
tions. The three repetitions of the 
square represent the second, third, and 
fourth practice sessions. The raw 
scores are the clock scores in .001 min. 
for each S for each trial. Since two Ss 
completed each of the eight sequences, 
there are a total of 128 measures in 
each replication of the square or a 
total of 384 measures in each over-all 
analysis involving three repetitions of 
the latin square. 

A summary of the results of analysis 
of variance of the AE and AER scores 
is given in Table 1. Grant (4) has 
pointed out that when there has been 
replication of a latin square, two esti- 
mates of error are available. One is 
the square uniqueness mean square, 
the usual error mean square for a 
single replication of the latin square. 
The other is the residual or the differ- 
ence between the total sum of squares 
and the sum of the sums of squares for 
all other sources. The former term is 
subject to inflation or deflation by the 
unique pattern of confounding which 
has occurred in the interactions of the 
particular latin square. A test of this 
is available from the F ratio of these 
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two mean squares. Although the 
occurrence of significant inflation or 
deflation may be determined, it is not 
possible to discover which interaction 
or interactions are the source. If the 
square uniqueness mean square is in- 
flated or deflated, the reverse influence 
will be present in one or more of the 
main effects. In such cases, therefore, 
the more conservative analysis will be 
that in which the larger mean square 
is used as the denominator of the F 
ratios. 

Since the square uniqueness mean 
square is significantly greater than the 
pooled error mean square for each of 
the two analyses, it has been used as 
the denominator in testing the signifi- 
cance of the main effects. Target 
conditions (variation in frequency of 
target intermittence in cps) is signifi- 
cant at the 5% level of confidence for 
both AE and AER. Duncan’s range 
test (2) was used to determine the 


reliability of the differences between - 


the all session means for both AE and 
AER. Of the means for AE, those 
for .4 and .7 cps differ significantly 
from each other and from all other 
means. The means for 1.0 and 16.1 
cps do not differ significantly from 
each other, but do differ significantly 
from all other means. The means for 
2.1, 4.1, 6.0, and 8.2 cps do not differ 
significantly from each other. Of the 
means for AER, those for .4 and .7 cps 
do not differ significantly from each 
other, but do differ significantly from 
all other means. The mean for 8.2 
cps differs significantly from the means 
for 1.0 and 16.1 cps. There are no 
other significant differences for AER. 

In no case is the effect of ordinal 
position of target conditions signifi- 
cant. There is no reliable change in 
tracking between Trials 1 and 8 within 
the practice sessions. 

The sequences mean square should 
be tested against the Ss within se- 


quence mean square as well as against 
the error term, in order to determine 
whether a significant effect for se- 
quences may be accounted for in 
terms of significant variation between 
Ss. This is so for the AER analysis, 
but not for the AE analysis. Exami- 
nation of the row means for the AE 
measures shows no systematic pattern. 
The sequences for which the higher 
scores in sighting proficiency occur do 
not appear to differ in any systematic 
way from those for which lower scores 
occurred. 

Session is significant only for the 
AE scores, indicating a reliable prac- 
tice effect over Sessions 2, 3, and 4. 
Although there appear to be differen- 
tial gains in practice as a function of 
frequency of intermittent presentation 
of the target, they are not reliable, 
since the interaction of sessions and 
conditions is not significant. The in- 
teractions of session and ordinal posi- 
tion and session and sequence are not 
significant for either of the analyses. 


Discussion 


The relation between frequency of in- 
termittent target presentation and track- 
ing proficiency is of particular interest 
since maximum scores were obtained, not 
with the steady state target (16.1 cps), 
but with an intermittent target at a fre- 
quency of 8.2 cps. These results suggest 
that maximum sighting proficiency may 
be achieved by intermittent viewing of 
the target. However, it is not possible 
to draw this conclusion even for the lim- 
ited conditions of the present experiment, 
because of the confounding of light-dark 
ratio and target brightness with fre- 
quency. The light-dark ratio was 20/80, 
31/69, 47/53, 50/50, 49/51, 50/50, 50/50, 
and 41/59, respectively, for target fre- 
quencies of .4, .7, 1.0, 2.1, 4.1, 6.0, 8.2, 
and 16.1 cps. There are significant de- 
partures from the desired 50/50 ratio, 
therefore, at target frequencies of .4, .7, 
and 16.1 cps. It is unlikely that there 
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was any effect for 16.1 cps, since this 
target condition was perceived as steady 
even though the light-dark ratio was 
41/59. If it is assumed that tracking 
proficiency increases as the proportion of 
the light phase is increased up to 50%, 
the increments in the obtained curves 
from .4 to .7 to 1.0 cps may be a function 
of the combined effects of increase in fre- 
quency of intermittent presentation of 
the target and increase of light phase, or 
a function of increase in light phase 
alone. The significant increment in the 
AE curve from 1.0 to all frequencies 
between 2.1 and 8.2 cps, and the unreli- 
able but progressive increments from 2.1 
to 4.1, from 4.1 to 6.0, and from 6.0 to 
8.2 cps, however, can be attributed only 
to change in frequency of the target. 

It was not possible to measure absolute 
brightness of the target for the different 
frequencies. Relative measures, how- 
ever, were obtained in terms of filter den- 
sity necessary to make an adjacent spot 
of light equal in brightness to the target. 
Target brightness decreased linearly with 
increase in frequency. The decrease 
between .4 and 16.1 cps is on the order of 
1 log unit. If brightness affects tracking 
at all, the expected relation would be pos- 
itive. Assuming such a relationship, its 
effect on the obtained curves would be 
deflation of the increments in tracking 
with frequency, and inflation of the dec- 
rement between 8.2 and 16.1 cps. In 
terms of the form of the obtained func- 
tion, only the decrement from 8.2 to 16.1 
cps is critical. It might be partially or 
wholly a function of the decrease in 
brightness. 

Thus, the curves obtained between fre- 
quency of intermittent presentation of 
the target and proficiency of tracking 
may or may not represent simply the 
relation between these two variables. 
Without knowledge of any relation be- 
tween light-dark ratio and tracking, or 
between target brightness and tracking, 
however, the most reasonable interpre- 
tation of the curves is that they represent 
approximately a functional relation be- 
tween proficiency in tracking and fre- 
quency of intermittent presentation of 
the target. 


Only further research on tracking in 
which light-dark ratio and brightness are 
adequately treated as parameters will 
solve the problems inherent in the pres- 
ent exploratory study. Instrumentation 
for such research will be difficult to 
achieve. Further development of the 
light-flash generator will be necessary to 
achieve a wider range of light-dark ratios, 
including 50/50, at frequencies below 1 
cps. Only glow modulator tubes may be 
used with such generators, because they 
are the only type of lamp now available 
that responds immediately and faithfully 
to the output of the generator. The max- 
imum brightness of such tubes is low, and 
because of this, it was necessary in the 
present experiment to work at relatively 
low frequencies and to dark adapt the Ss. 
Future studies, therefore, will have to be 
made at low frequency levels and low 
levels of brightness, unless lamps of much 
greater intensity are developed. The low 
brightness level complicates, but does not 
make impossible, the equation of target 
brightness. Bartley (1) has shown that 
the subjective brightness of a transmitted 
flickering light increases to a maximum 
value almost twice that of the subjective 
brightness of a steady light of the same 
intensity. At critical flicker fusion, the 
subjective brightness of a 50/50 light- 
dark ratio, is only half that of a steady 
light of the same intensity. A determi- 
nation of the Bartley function for the 
conditions of further study of tracking 
and frequency of intermittent target pres- 
entation will make it possible to main- 
tain a constant level of brightness of the 
target. 


SUMMARY 


Measures of proficiency of tracking on the 
Pedestal Sight Manipulation Test were obtained 
at frequencies of intermittent target presentation 
of .4, .7, 1.0, 2.1, 4.1, 6.0, 8.2, and 16.1 eps. 
Since fusion frequency was at approximately 12 
cps, the target at 16.1 cps was perceived as 
steady. The 16 Ss of the experiment, all male 
undergraduate college students, received one 
trial of eight attacks for each frequency in each 
of four experimental sessions. 

Separate analyses of variance were completed 
for the AE and AER measures. A significant 
differential effect for frequency of intermittent 
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target presentation was obtained. The relation 
is that of a bowed curve concave downward. 
As frequency of target intermittence increases, 
there is an initial rapid rise in tracking profi- 
ciency to 1.0 cps, a more gradual increase to a 
maximum at 8.2 cps, and a decline at 16.1 cps. 
A significant practice effect was obtained only 
for the AE measures. 

Since a light-dark ratio of 50/50 could not be 
obtained at .4, .7, and 16.1 cps, and since target 
brightness declined consistently as frequency 
increased, the obtained curves cannot be said to 
be a simple function of frequency of intermittent 
presentation of the target. The gains in track- 
ing proficiency between 1.0 and 8.2 cps, however, 
are not differentially affected by the constant 
light-dark ratio of 50/50, and the only effect of 
target brightness could be one of decreasing the 
magnitude of the increments. There is, there- 
fore, evidence for a relation of tracking and fre- 
quency of target presentation for which neither 
light-dark ratio nor brightness may be respon- 
sible. The obtained curves, however, will require 
confirmation under conditions that permit ade- 
quate control of light-dark ratio and target 
brightness as parameters. 
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RESPONSE TIME PATTERNS ASSOCIATED WITH VARIOUS 
DISPLAY-CONTROL RELATIONSHIPS ! 


W. D. GARVEY AND W. B. KNOWLES? 
Naval Research Laboratory 


In a previous experiment (2) in 
which several display-control systems 
combined from the same group of dis- 
plays and controls were evaluated, it 
was determined that some combina- 
tions were more efficient than others. 
These results were discussed within 
the information theory framework, 
and were interpreted to mean that Ss 
were able to utilize a simpler coding 
procedure to transmit information 
from display to control in operating 
the more efficient systems. Using a 
group of similar systems, the present 
study was conducted to determine: (a) 
if the relative efficiencies of the systems 
would remain the same throughout a 
period of practice, and (b) if a second- 
ary task would have the same inter- 
fering effect on the operation of all 
systems. Furthermore, it was antici- 
pated that (a) differential progress in 
learning to operate the different sys- 
tems, (b) differential interfering effect 
by the secondary task on the opera- 
tion of the different systems, and (c) 
an analysis of the component S—-R 
elements would give some notion of 
the nature of the different coding pro- 
cedures used to operate the various 
systems. 


The over-all plan of the experiment 
was as follows: Two displays and two con- 
trols were combined in different ways to 
create six systems. These six systems 


1 The opinions or assertions contained herein 
are the private ones of the writers and are not to 
be construed as official or reflecting the views of 
the Navy Department or the naval service at 
large. 

? The writers wish to acknowledge the valu- 
able assistance of Mr. E. P. Newlin in collecting 
and analyzing the data of this experiment. 
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were further classified into three pairs, so 
that the informational characteristics 
(6.64 bits per stimulus) and the motor 
difficulty were equivalent from pair to 
pair. However, by manipulating the 
degree of isomorphic relationship between 
stimulus set on the display and response 
set on the control, an attempt was made 
to vary from pair to pair the directness 
with which the stimuli denoted the 
responses. The three pairs are shown as 
Cond. I, II, and III in Fig. 1. The Ss 
were given several weeks practice on each 
of the systems, after which a secondary 
task was introduced. 


MeETHOD 


Apparatus.—Detailed descriptions of the gen- 
eral apparatus have been reported (2). Two dis- 
plays were used: (a) a 10 X 10 matrix of 100 
lights, and (b) two columns of ten lights (see 
Fig. 1). Each display was capable of presenting 
100 stimulus alternatives. A stimulus light on 
the matrix display could be identified in terms of 
a lettered row and a numbered column; e.g., the 
upper left corner stimulus light was coded 
“A-1.” On the column-column display, two 
lights constituted a stimulus; lights in the left- 
hand column were lettered and lights in the right- 
hand column were numbered. Thus, each pair 
of lights could be identified by a letter-number 
code; ¢.g., the top two lights constituted stimulus 
“A-1.” The physical make-up of the controls 
was equivalent to the displays: (a) a 10 X 10 
matrix of push buttons, and (b) two columns of 
ten push buttons. As with the display lights, the 
response buttons could be coded in terms of let- 
ters and numbers. The S’s task was to press the 
control buttons which were identical in the letter- 
number code to the stimulus lights. The result- 
ing systems are shown in Fig. 1 where Cond. I 
refers to the systems which had display and con- 
trol combined into one panel in such a way that 
the light stimuli were directly above the response 
buttons. The S-R relationship was considered 
the least complex for these systems, the next least 
complex for Systems C and D, and the most com- 
plex for Systems E and F. 
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Fic. 1. Displays and controls. The hollow circles represent the display lights and the filled circles 
represent the control buttons. 


The display-control systems were located in a 
sound-treated room remote from £ and the main 
apparatus. The Ss were seated at a small table 
on which the control panels were placed. The 
table was adjusted to a comfortable level and 
tilted about 35° towards S. Displays were cen- 
tered vertically above the controls on a small 
shelf at approximately eye level and about 30 in. 
from S. In the case of Systems A and B the 
combined display and control unit was placed on 
this table. The walls and ceiling of the room 
were white; fluorescent ceiling lights provided a 
moderately bright general illumination. 

Random sequences of stimuli were presented 
by means of a specially constructed, punched- 
tape, programming device. This apparatus also 
accumulated response times throughout the ex- 
perimental trial of 100 stimuli. Simultaneous 
polygraph records were taken so that response 
times and errors to specific stimuli could be 
measured. The stimulus presentation was self- 
paced. 

Procedure.—Six U. S. Navy enlisted men sta- 
tioned at the laboratory were given one trial of 
100 stimuli on each of the six display-control 
systems each day for 19 days. Six sequences of 
100 stimuli, randomized with the restrictions that 
no two successive stimuli would have either the 
same number or letter code, were used. The 
experimental conditions and stimulus sequences 
were presented according to a number of counter- 
balanced orders which were changed from day to 
day. The efficiency of a given system was 
measured in terms of mean response time per 
stimulus. Throughout the experiment Ss were 
reminded before each trial how the system was 
operated and that they should work:as fast as 
possible without making errors. Error scores 


were recorded as a check that Ss were not 
achieving speed at the expense of accuracy. 

On Days 16 and 17 the primary experimental 
conditions were presented in the usual manner. 
In addition, Ss were required to perform a second 
task while simultaneously operating the display- 
control systems. This task was to count and 
report aloud the number of clicks presented at 
intervals over a loudspeaker. The Ss were 
instructed to concentrate on performing the 
secondary task perfectly even at the expense of 
the primary task. It was assumed under these 
conditions that the performance of the secondary 
task should increase the performance time of each 
of the six primary tasks by an equivalent 
amount, unless there were S-R elements of the 
secondary task that interfered with the S-R 
elements of some primary tasks more than with 
the others. 

The secondary click stimuli were presented in 
groups of 4, 5, 6, or 7 clicks. Twenty such groups, 
five of each number, were randomly distributed 
throughout each trial by presenting a group 
every 4, 5, or 6 primary responses. The number 
of clicks in the groups and the intervals between 
the groups were appropriately randomized so 
that the same number of clicks was not presented 
successively and so that no S had the same series 
of secondary stimuli more than once. On the 
secondary task days, in addition to measuring 
the primary task response time, a record was 
kept of errors made on the secondary task. 

Initially, it was planned to discontinue the 
experiment at the end of Day 18. However, 
since Ss’ tour of duty was extended and it was 
desirable to obtain more data for an analysis of 
the component S-R latencies associated with per- 
formance on Systems C, D, E, and F, the experi- 
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ment was continued. However, Systems A and 
B, for which sufficient data had been collected, 


were discontinued. 


REsutts?*® 


Relative efficiencies of systems.—The 
major results are summarized in the 
curves in Fig. 2. The mean response 
times per stimulus were obtained for 
each system. For the first 18 trials 
the systems ranked consistently from 
fastest to slowest mean response time 
in the following order: A, B, C, D, F, 
and E. For Trials 19 through 24 the 
systems ranked: C, D, F, and E. 
These differences between means were 
statistically significant beyond the 1% 
level when tested by Friedman’s (1) 
ranking technique. 

Errors were made to less than 3% 
of the stimuli. A statistical analysis 
using Friedman’s technique (1) indi- 
cated that the difference between 
errors made on the various systems 
was not significant. 

Effect of practice—The curves in 
Fig. 2 illustrate the effect of practice 
on the performance. The trend of the 
mean response time as a function of 
practice (excluding Trials 16 and 17) 
was tested with Lindquist’s Case 2 
(3, p. 67). The trends of the means 
for Systems C, D, E, and F were found 
to be significant (p<.01); the trends 
of the means for Systems A and B were 
found not to be significant. 

Using Lindquist’s Case 12 (3, p. 78), 
it was found that the trends obtained 
for Systems E and F each differed sig- 
nificantly (p<.01) from those of Sys- 
tems A, B,C, and D. The trends for 


3 A 19-page table giving critical summaries of 
data as well as the results of the analyses of 
variance has been deposited with the American 
Documentation Institute. Order Document No. 
4200 from the ADI Auxiliary Publications Pro- 
ject, Photoduplication Service, Library of Con- 
gress, Washington 25, D.C., remitting in advance 
$2.50 for 35-mm. microfilm or $1.75 for 6 by 8 
in. photocopies. Make checks payable to Chief, 
Photoduplication Service, Library of Congress. 
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Systems C and D differed significantly 
(p<.05) from those of A and B. 
However, tests of difference between 
the trends of Systems A and B, C and 
D, or Eand F did not prove significant. 

Effect of secondary task.—The gen- 
eral effect of the secondary task on the 
efficiency of the various systems is 
shown by the increased response times 
for Trials 16 and 17 in Fig. 2. To 
determine if the secondary task in- 
creased the mean response times sig- 
nificantly, matched ¢ tests were applied 
to the difference between the means of 
Trials 15 and 16 and between the 
means of Trials 15 and 17. On Day 
16, Systems A and B showed no sig- 
nificant increase; the increase was 
significant for Systems C and D 
(p <.05) as well as for Systems E and F 
(p<.01). On Trial 17 the increase 
over Trial 15 for System F only was 
significant (p<.05). 

To test if the secondary task differ- 
entially increased the response times 
for the three conditions of display-con- 
trol relationship, the differences in 
response times between Trials 15 and 
16 were obtained for each of the sys- 
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Fic. 2. Mean response times per stimulus 
(seconds) for the display-control systems on the 
24 practice trials. One trial consisted of each of 
the 100 possible stimulus alternatives. 





318 W. D. GARVEY AND W. B. KNOWLES 


tems. Thet tests on the pooled data 
indicated that the increase in response 
times for the systems in Cond. II dif- 
fered significantly (p<.05) from those 
of Cond. I; differences in the increased 
response times between Cond. III and 
Cond. II were also significant (p <.01). 

Statistical analysis (1) of the sec- 
ondary task errors was made to deter- 
mine if there was a tendency for more 
of these errors to be made while op- 
erating one primary system than 
another; no significant differences 
(p>.25) were found for either Trial 
16 or 17. 

Analysis of component S-R ele- 
ments.—From the polygraph records, 





System C 





System E 





direct measures of response times to 
specific stimuli could be obtained. 
The records for Trials 1-4, 9-12, and 
18-21 were analyzed, and a mean 
response time based on this sample of 
72 readings was obtained for each S-R 
element. 

Preliminary analysis of Systems A 
and B indicated that the response 
time latencies were about the same 
for all stimuli, and no reliable differ- 
ences could be established. There- 
fore, a more extensive analysis of these 
two systems was not continued. How- 
ever, definite patterns were apparent 
for Systems C, D, E, and F. The 
graphic models, which illustrate the 


System D 


System F 


Fic. 3.. Graphic models of S-R latencies 
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different patterns, may be seen in Fig. 
3. Since each stimulus could be iden- 
tified in terms of a letter-number code, 
the models have been constructed in 
matrix form where the mean latency 
of an S-R element is identified in 
terms of the letter-number code of the 
stimulus. The heights of the bars 
represent the mean response times to 
the various stimulus elements. 

It appears from these models that 
different patternings of response times 
are obtained for the various display- 
control combinations. To test the 
presence of a pattern, each response- 
time matrix shown in Fig. 3 was tested 
for a significant row-by-column inter- 
action, using Wilcoxon’s (4) ranking 
procedure and considering the mean 
response times for Trials 1-4, 9-12, 
and 18-21 as three replications of the 
matrices. The z-score equivalents for 
the x? values were 4.43 or greater, 
indicating that the patterns were ex- 
tremely reliable even when tested by 
this rather crude method. To test 
for the difference between any two 
patterns a matrix of the cell differences 
was constructed and the row-by-col- 
umn interaction of this difference 
matrix was examined by the same test. 
The z-score equivalents for the x/ 
values were 4.84 or greater for all com- 
parisons, except that of Systems E 
and F. Here the z-score equivalent 
was .39 (p>.70). 

The salient features of these models 
appear to be the following. The 
model for System C shows a steep 
increase from the periphery to the 
center of the bar matrix. A similar 
peripheral-central gradient is appar- 
ent for Systems E and F, but the gra- 
dient is not so steep. The peripheral 
response times for System C are more 
of the order of the mean of response 
times for Systems A or B; whereas the 
central response times are more of the 
order of the mean of response times 





for Systems E or F. In addition, it 
may be noted that the peaks of the 
distributions appear to be slightly be- 
low and to the right of center. 

The model of the response times for 
System D does not reveal the periph- 
eral-central gradients found for the 
other systems. Here, the shortest 
response times are found along the 
major diagonal of the model. Within 
any particular row or column it can 
be observed that there is an inflected 
gradient in either direction from these 
diagonal points, increasing at first and 
then diminishing as the edges are 
approached to reach secondary mini- 
mum at the edges. This definitive 
patterning is not observed for Systems 
E or F even though they have one 
component (either the display or con- 
trol) common to System D. 


Discussion 


Relative efficiencies of systems.—Since 
the same displays and controls were used 
in each of the three conditions of display- 
control relationship, it may be assumed 
in making comparisons between these 
conditions that the same amount of infor- 
mation was presented per stimulus and 
that the controls could be operated with 
equivalent motor difficulty. Therefore, 
the significant differences in performance 
time between conditions must be attrib- 
uted to the differences in the complexity 
of the discriminal process. That is to 
say, some combinations permitted a more 
direct translation from stimulus to 
response, and manipulating the relation- 
ship between displays and controls has 
introduced ‘‘method of coding” as the 
variable underlying complexity of the 
discriminal process. 

Effect of practice —The amount of prac- 
tice given Ss did not change the relative 
efficiencies of the various systems. How- 
ever, progress in learning the perceptual- 
motor skills involved in the operation of 
these display-control systems differed 
even though each of the tasks involved 
the same number of discriminated reac- 
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tions to the same number of stimuli. 
The data show that the fastest acquisi- 
tion rates and smallest response time 
decrements were found for Systems A and 
B. It is therefore concluded that the 
generalization tendency was lowest among 
the learned reactions of these tasks. In 
other words, the stimuli in these systems 
denoted most directly the responses to be 
made, and Ss were able to use the simplest 
method of coding the information. 

The trend analysis indicated that the 
decrements in response time with prac- 
tice for Systems C and D were greater 
than for Systems Aand B. This is taken 
to indicate a greater degree of generaliza- 
tion in Systems C and D, and that the 
stimuli in these systems did not denote 
the responses as directly as in Systems 
A and B. This is interpreted to mean 
that cues in addition to or different from 
those of Systems A and B were required 
in order to discriminate the proper re- 
sponse. Thus, Ss were required to use a 
more complex method of coding informa- 
tion to operate Systems C and D than to 
operate Systems A and B. 

The performance times for Systems E 
and F showed the greatest decrements 
and slowest acquisition rates, indicating 
that the relationship between stimuli and 
responses in these systems was the least 
direct. This is interpreted to indicate 
that, in general, the method of coding 
used to operate these systems was the 
most complex. 

Secondary task.—In an earlier experi- 
ment (2) Ss reported that they had to 
make greater use of the letter-number 
indices (located on the displays and con- 
trols) to operate the less efficient systems 
(e.g., System E) than to operate the 
better systems (e.g., System C). This 
led to the speculation that Ss were 
required to use more analytical coding 
procedures to operate Systems E and F 
than to operate the other systems. On 
the assumption that a secondary task 
which was analytical in nature would 
have the greatest effect on the operation 
of those systems which required analyti- 
cal coding procedures, the click-counting 
task was selected as a secondary task. 
That the secondary task did not affect 
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the performance on Systems A and B 
is interpreted to mean that the method 
of coding used to operate these systems 
was, in general, of a nonanalytical nature. 
The secondary task had a greater inter- 
fering effect on performance on Systems 
C and D than it did on Systems A and B; 
but it had a lesser effect on performance 
on Systems C and D than on Systems E 
and F. This is taken to indicate that 
the coding employed in the operation of 
Systems C and D was in general more 
analytical than that of Systems A and B, 
but less analytical than that employed 
in the operation of Systems E and F. 

Analysis of S—R elements——To arrive 
at a tentative explanation of the differ- 
ences in efficiency between the systems 
in Cond. II and III, an attempt was made 
to determine what relationships the S-R 
latency patterns bear to the spatial con- 
figurations made possible by the specific 
combinations of displays and controls 
used in these systems. 

The model for System C shows that the 
response times to stimuli located around 
the edges of the display were consider- 
ably shorter than for those located in the 
center. It seems reasonable to suppose 
that the edges and corners of the matrices 
provide spatial anchoring points for iden- 
tifying these peripheral stimuli. It also 
seems reasonable to suppose that the 
farther a stimulus is away from these 
anchoring points, the greater will be the 
internal interference among the elements, 
and the longer will be the response lat- 
ency. It would also seem possible that 
in the center of the display, where the 
spatial references are not so readily avail- 
able, Ss were required to utilize cues in 
addition to the spatial anchor points to 
make the proper response. 

The patterning of the S—R latencies for 
System D is more complex, but it can be 
interpreted in much the same manner as 
that for System C. When it is remem- 
bered that in System D two lights consti- 
tuted a stimulus and the response was 
made on two buttons, the pattern might 
be interpreted to indicate that three 
spatial anchoring points were used by Ss. 
When either of the stimulus components 
(i.e., letter light or number light) was 
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near either the top or bottom of the 
columns, the response time to the stim- 
ulus was shorter. The response times 
were also shorter when the components 
were adjacent to each other. In each 
instance where one component of the 
stimulus could be anchored to one of 
these spatial points, it would seem pos- 
sible for Ss to utilize these spatial cues to 
identify the proper response. 

Even though Systems E and F contain, 
either as display or control, components 
of both Systems C and D, the patterns for 
Systems E and F were distinctly different 
from those of C and D. However, re- 
sponse times obtained for Systems E and 
F were, in general, of the same magnitude 
as the most central ones in System C. 
It may be inferred from this that the 
coding employed in operating Systems E 
and F was, in general, of the same order 
of complexity as the most complex cod- 
ing employed in operating System C. 

To determine if the secondary task had 
a greater interfering effect on S-R ele- 
ments considered not to have readily 
available spatial anchor points than on 
those considered to have such anchor 
points, the following analysis was made. 
An arbitrary classification of the S-R 
elements into “spatial” and “‘nonspatial” 
was made on the basis of the response- 
time patterns. In the model for System 
C, the outer three rows and columns of 
bars were termed “spatial”; the central 
16 bars, “nonspatial.” This particular 
breakdown is called the “matrix”’ classifi- 
cation. For System D the bars on the 
major diagonal and along the edges were 
termed “spatial”; this is called the 
“column-column”’ classification. The pri- 
mary task elements were further cate- 
gorized into “distracted” and “‘nondis- 
tracted,” depending upon whether or not 
secondary task stimuli (on Trial 16) co- 
incided with them. 

Two populations of response times, one 
for spatial elements and another for non- 
spatial elements, were established for 
each system by pooling all the response 
times of all the subjects on Trial 16. A 
x? test was then made to determine if the 
proportion of distracted, nonspatial ele- 
ments above the median of total non- 


spatial population was greater than the 
proportion of distracted, spatial elements 
above the median of the total spatial 
distribution. These tests showed that 
relative shift of the nonspatial elements 
under distraction was significant in the 
cases where System C was analyzed 
according to the matrix classification and 
where System D was analyzed according 
to the column-column classification. 
However, no differential effect of distrac- 
tion was found when Systems E and F 
were analyzed in terms of either classifi- 
cation. In short, all elements in both 
Systems E and F were equally and greatly 
disrupted; all the elements of Systems C 
and D were disrupted to some extent, but 
those which were classified as nonspatial 
were disrupted to a greater extent. 

Complexity of coding.—On the whole 
the results of this experiment point out 
that the kinds of discriminations, or the 
methods of coding, that an operator 
utilizes in any display-control system are 
a function of the relationship between 
the display and control, and may be ex- 
tremely important in limiting the effi- 
ciency of the system. In developing this 
argument the tasks and task elements 
have in various places been referred to as 
spatial, nonspatial, analytical, nonana- 
lytical, etc. The experiment certainly 
has not demonstrated these terms to be 
exactly descriptive of the dimensions 
underlying complexity of coding. The 
results do, however, provide some clues 
which permit the speculation that addi- 
tional research may help to tie down 
complexity of coding to perceptual-ana- 
lytical, spatial-verbal, or iconic-symbolic 
dimensions. 


SUMMARY 


Two displays and two controls were combined 
in different ways to create six display-control 
systems. These six systems were then classified 
into three pairs, so that the informational charac- 
teristics and motor difficulty were equivalent 
from pair to pair. The experiment was designed 
to determine if: (a) the various systems would 
maintain their same relative efficiencies through- 
out a period of practice, and (b) a secondary task 
would have the same interfering effect on the 
operation of all systems. At the same time it 
was anticipated that a detailed analysis of the 
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individual response-time data would provide 
some insight as to the nature of the coding used 
by Ss to transmit information from display to 
control. 

The results were as follows: 


1. Efficiency of performance (measured in 
terms of mean response time per stimulus) on the 
various systems differed significantly. 

2. The relative efficiency of the systems did 
not change throughout practice. 

3. The progress of learning the perceptual- 
motor skills involved in operating the various 
systems differed significantly between the three 
pairs. 

4. A secondary task had no significant effect 
on the performance of the most efficient systems; 
it had the greatest interfering effect on the per- 
formance of the least efficient systems. 

5. Different patternings of S-R latencies were 


obtained from performance on the various 
systems. 
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SHAPE DISCRIMINATION AS A FUNCTION OF THE 
ANGULAR ORIENTATION OF THE STIMULI! 


MALCOLM D. ARNOULT 


Skiil Components Research Laboratory, AF Personnel and Training Research Center 


A systematic study of the task of 
shape perception involves investigat- 
ing those variables which contribute 
to the perception of a shape in any 
given situation. For any given shape, 
or within any class of shapes, it is 
possible to manipulate size, bright- 
ness, color, orientation, familiarity, 
and perhaps many other stimulus 
attributes. It is also possible to make 
a rough classification of the possible 
perceptual tasks into discrimination, 
recognition, and identification, depend- 
ing upon whether S is expected to (a) 
detect a difference between two shapes, 
(b) point out a familiar shape, or (c) 
give the proper name toa shape. The 
most difficult problem in shape-per- 
ception research is that of specifying 
the attribute of “shape” itself, and this 
problem will be discussed presently. 


This report deals with the effect on 
simple shape discrimination of varying 
the angular positions of the stimuli. The 
stimuli were two-dimensional nonsense 
shapes which could be rotated in their 
own plane to any of eight different posi- 
tions (“right-side-up,” ‘“‘upside-down,”’ 
and six intermediary positions). In other 
words, they were rotated about their cen- 
ters on an axis parallel to S’s line of 
sight, and perpendicular to the plane in 
which they were projected. The various 
combinations of positions of the two 
shapes in each pair resulted in 13 differ- 
ent amounts of angular separation. The 


1The data reported in this study were col- 
lected as a part of the United States Air Force 
Human Resources Research and Development 
Program. The opinions or conclusions contained 
in this report are those of the author. They are 


not to be construed as reflecting the views or 
indorsement of the Department of the Air Force. 
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accuracy and latency of shape discrimi- 
nation were studied as a function of this 
angular separation. The experiment was 
similar, in general, to one reported in 
1935 by Gibson and Robinson, except 
that they used familiar shapes and fewer 
angular positions (3). 

In varying the orientation of nonsense 
shapes it is necessary to specify (a) the 
orientation of any one shape relative to 
some zero point, and (4) the conditions 
under which two or more shapes are con- 
sidered to have the same orientation. As 
long as the shapes used can be given a 
determinate orientation (e.g., the orien- 
tations of circles, squares, and triangles 
would be wholly or partially indeter- 
minate), the first requirement can be met 
by selecting an arbitrary zero point. The 
“normal” (or 0°) position in this experi- 
ment was so chosen. The second require- 
ment was met in this experiment as fol- 
lows: two shapes were judged to have the 
same orientation if superposition of them 
would result in a maximum of overlap of 
their areas. While this definition ap- 
peared to be adequate here, it would not 
necessarily be appropriate for a different 
group of shapes. 

The selection of the shapes to be used 
as stimuli in an experiment of this sort 
poses what is essentially a sampling prob- 
lem. Ideally, the results should be gen- 
eralizable, not only to a population of 
observers, but also to a population of 
shapes (2). Presumably, maximum gen- 
eralization of the latter type could be 
achieved by using a sample of shapes 
which was representative of the popula- 
tion of all possible shapes. The selection 
of such a sample is unfeasible at the pres- 
ent time because no method exists for 
measuring the attribute of “shape”’ in 
the sense that one can measure such 
attributes as weight, size, brightness, etc. 
It is not possible either to define the 
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population of all shapes or to prescribe 
proper methods for sampling it. 

An attempt was made to avoid this 
problem by selecting as stimuli a group 
of shapes assumed to be representative of 
a limited population, i.e., the kind of 
shapes which represent terrain features 
on maps, aerial photographs, and radar- 
scopes. The propriety of extending the 
results to situations involving real mate- 
rial of these sorts would, of course, still 
have to be checked empirically. The 
stimuli chosen were also judged to have 
a high degree of similarity to one another. 
It was assumed that the use of a fairly 
homogeneous group would lead to a 
greater consistency in the results. The 
design of the experiment allowed for a sta- 
tistical check of this second assumption. 

In addition to meeting the above cri- 
teria, the shapes used also met three 
other criteria which were judged to be 
essential: (a) they were sufficiently non- 
meaningful, or nonrepresentational, that 
the results could not reasonably be attrib- 
uted to the differential effects of past 
experience; (4) they could be given a 
determinate orientation; and (c) it had 
been shown in previous experiments that 
discrimination among them is difficult 
when time of exposure is limited (1). 


METHOD 


Apparatus.—The stimuli were presented by 
means of 2 X 2-in. lantern slides and a projector. 
Each S indicated his response by pressing either 
of two keys marked “S” (Same) and “D” (Dif- 
ferent). The projector was equipped with an 
Alphax shutter which automatically exposed the 
stimuli for 1 sec. on every trial. The equipment 
was so constructed that opening the shutter 
started an electric timer which stopped when 
either key was pressed. The S’s choice was indi- 
cated by a signal light, and the response latency 
was recorded to the nearest .01 sec. Four Ss 
were tested simultaneously. The stimuli con- 
sisted of one “standard” and ten “comparison” 
nonsense shapes. The standard and five of the 
comparison shapes are shown in Fig. 1 as 
examples. 

Subjects —The Ss were 256 basic airmen at 
Lackland Air Force Base. Thirty-two Ss were 
assigned at random to each of eight experimental 
groups. 

Procedure——The stimuli were presented in 


STANDARD 


Fic. 1. Examples of the nonsense shapes 
used as stimuli. The shapes are shown in the 
arbitrarily selected 0° position. 


pairs, each pair consisting of either (a) the stand- 
ard and one of the comparison shapes (“D” 
trial), or (b) two standards (“S” trial). The S 
was instructed to indicate his judgment as quickly 
as he could by pressing one of two keys marked 
“S” and “D.” On every trial the pair of shapes 
remained in view for 1 sec. The trials were pre- 
sented at the rate of approximately four per 
minute. 

The eight angular positions used were: 0°, 
30°, 60°, 90°, 180°, 270°, 300°, and 330°. For 
each of the eight groupsof Ss, the standard shape, 
always the left-hand member of the pair, ap- 
peared in only one orientation. A different 
orientation of the standard was used for each 
group. The right-hand member of the pair 
appeared in the eight different angular orienta- 
tions forevery S. Thus, in the entire experiment 
there were 64 different combinations of orienta- 
tions of the paired shapes. Since there were ten 
“TD” pairs and one “S” pair, the total number of 
combinations of pairs and orientations was 704. 
Each “D” pair was presented three times, and 
the “S” pair was presented ten times, making a 
total of 240 “D” trials and 80 “S” trials per S. 
During the course of the 320 randomized trials 
the Ss probably acquired some appreciation of 
the true proportions of “S” and “D” trials. 
Initially, however, they presumably assumed 
they would be shown an equal number of each. 
The effect of such a set would be to produce, by 
chance, a disproportionate number of “S” 
responses and a consequent increase in the num- 
ber of errors on the “D” trials. Since the dif- 
ferences actually obtained were opposite in direc- 
tion to the kind described above, the possible 
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effects of such a bias were not considered in the 
analysis of the results. 


RESULTS 


The results were analyzed in terms 
of the accuracy and latency of shape 
discrimination at angular separations 
of 0°, 30°, 60°, 90°, 120°, 150°, and 
180°. The angular separation was 
considered positive if the comparison 
shape was rotated away from the 
standard shape in a clockwise direc- 
tion, negative if it was rotated in a 
counterclockwise direction. 

Accuracy.—Figure 2 shows the rela- 
tion between discrimination accuracy 
and angular separation, with “S” and 
“—D” trials plotted separately. It can 
be seen that the effect of orientation 
was markedly different in the two 
kinds of trials. On the “S” trials 
errors increased more or less steadily 
as the right-hand shape was rotated 
away from the position of the left- 
hand shape in either direction. The 
total range of errors was from about 
20% to 40%. On the “D” trials the 


changes in percentage of errors, while 
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Fic. 2. Accuracy of shape discrimination as 
a function of angular separation of the stimuli, 
with “S” and “D” trials plotted separately. 
Positive angles correspond to a clockwise rota- 
tion of the right-hand shape relative to the posi- 
tion of the left-hand shape. 


TABLE 1 


ANALyYsIs OF VARIANCE oF ERRorS 
on “S” Triats 











Mean 
Source df | Square F 
Between: 
Standard* 7 | 24.43 | 1.07 
Ss in same group 248 | 22.93 
Within: 
Comparisont 7 | 31.43 |12.18** 
Standard X Comparison| 49 | 16.86 | 6.53** 
Pooled S interactions [1736 | 2.58 














* Angular position of left-hand shape. 
+ Angular position of right-hand shape. 


consistent, were not nearly as great, 
the total range being from about 12% 
to 15%. 

Table 1 shows the results of an analy- 
sis of variance performed on the data 
of the “S” trials only. The significant 
interaction between angular positions 
of the left-hand shape and angular 
positions of the right-hand shape 
(F = 6.53, p<.01) confirms the im- 
pression given by the “S” curve in 
Fig. 2. It can be asserted that the 
number of errors on the “S” trials was 
a function of the relative orientations 
of the two shapes to be discriminated. 
A less easily understood result is the 
significant F associated with the abso- 
lute angular position of the right-hand 
shape (F = 12.18), whereas the F as- 
sociated with the absolute position of 
the left-hand shape.was not significant 
(F = 1.07). This result is probably 
attributable to the different degrees 
of precision involved in the two dif- 
ferent error terms used in obtaining 
the F values.” 

The results of an analysis of vari- 
ance performed on the data from the 


2 Since differences in angular position of the 
left-hand shape (Std) were confounded with dif- 
ferences between independently selected groups 
of Ss, these differences were tested by an error 
term based on Ss within the same group. Within- 
group differences were tested by an error term 
composed of pooled subject interactions. 
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TABLE 2 


ANALYSIS OF VARIANCE OF ERRORS 
on “D” Trias 


TABLE 3 


ANALYsIS OF VARIANCE OF LATENCIES 
on “S” Triats 


























| 
; Mean Mean " 
Source af Square F Source df Square F 
Between: Between: 
Standard* 7} 8.15] 1.41 Standard* 7 | 3266.57) 1.34 
Ss in same group 248 | 5.80 Ss in same group 248 | 2436.05 
Within: Within: 
Comparison 7 | 9.50] 28.05** Comparisont 7 | 5989.00) 619.33** 
Shapet 9 |114.36 | 337.64** Standard 
Std X Comp. 2 i. 1301. 3a < Comparison 49 | 818.86) 84.59** 
Comp. X Shape 63 | 3.04] 8.98** Pooled S interactions| 1736 9.67 
Std X ae 63 I 2.68** 
Std X mp. * ition o' -hand shape. 
X Shape 441 | 62 | 1.83** —_} Angular position of right-hand shape. 
Pooled S interactions}19593 34 * > <.01. 














* Angular position of standard (left-hand) shape. 

+ Angular position of comparison (right-hand) shape. 
t Shape of comparison figure. 
** p> <.01. 


“D” trials are shown in Table 2. This 
analysis involved a three-way classifi- 
cation of the data, since there were 
ten different comparison (right-hand) 
shapes. As in the previous analysis, 
the differences associated with the 
angular positions of the left-hand shape 
were not significant; all other main 
effects and interactions were signifi- 
cant beyond the 1% level of confi- 
dence. The appearance of a significant 
triple interaction term (Std KX Comp. 
< Shape) shows that the curve in Fig. 
2 showing the effect of angular separa- 
tion on discrimination accuracy must 
be interpreted in terms of the individu- 
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Fic. 3. Latency of the shape-discrimination 
response as a function of the angular separation 
of the stimuli, with “S” and “D” trials plotted 
separately. Positive angles correspond to a 
clockwise rotation of the right-hand shape rela- 
tive to the position of the left-hand shape. 


al shapes used. In other words, the 
sample of shapes was not homogeneous 
with respect to the effect of angular 
separation. 

Latency.—The latency data were 
analyzed in the same way as the error 
scores. Figure 3 shows mean latency 
plotted as a function of angular sepa- 
ration. These means were based only 
on those trials on which the correct 
response was given. The latency 
curves bear considerable resemblance 
to the error curves shown in Fig. 2, 
particularly with respect to the con- 
sistently higher values obtained on the 
“S” trials. 


TABLE 4 


ANALWSIS OF VARIANCE OF LATENCIES 
on “D” TRIALS 





| 








Mean 
Source df Square F 
Between: 
Standard* 7 | 25969.57| 1.29 
Ss in same group 248 | 20165.32 
Within: 
Comparisont 7 | 17999.00} 75.75** 
Shapet 9 | 77238.00|325.08** 
Std X Comp. 49 532.29| 2.24** 
Comp. X Shape 63 | 17630.03) 74.20** 
Std X Shape 63 in ts” 
Std X Comp. 
X Shape 441 562.15} 2.37** 
Pooled S inter- 
actions 19593 237.60 














* Angular position of standard (left-hand) shape. 


+ Angular position of comparison (right-hand) shape. 


t Shape of comparison figure. 
* > <.01. 
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The analysis of variance of these 
data is shown in Tables 3 and 4. It 
can easily be seen that the results were 
almost identical to the results obtained 
in the analysis of errors. Both curves 
in Fig. 3 deviate significantly from the 
horizontal (significant Std X Comp. 
interaction), but the values obtained 
on the “D” trials also differed signifi- 
cantly as a function of the particular 
comparison shape used (significant 
Std X Comp. X Shape interaction). 
This last result again points up the 
nonhomogeneity of the sample of 
shapes with respect to the differential 
effects of orientation. 


Discussion 


It was stated earlier that an attempt 
would be made to avoid the problem of 
drawing a representative sample from the 
universe of nonsense shapes by selecting 
stimuli which were homogeneous with 
respect to their interaction with the inde- 
pendent variable (angular separation) 
and, at the same time, representative of a 
limited population of real shapes. Due 
to the fact that no psychologically mean- 
ingful unit of measurement exists which 
can be used to describe the attribute of 
“shape,” it was impossible to determine 
a priori how well the shapes finally 
selected met these two criteria. It was 
pointed out that a statistical test of the 
homogeneity of the shapes was supplied 
by the design of the experiment, but that 
the extent to which the shapes repre- 
sented a larger population (terrain fea- 
tures on maps, photographs, and radar- 
scopes) would have to be determined by 
future experimental work. 

A test of the consistency of the rela- 
tionship between angular separation and 
discrimination within the sample of 
shapes was provided by the triple inter- 
action term of the analysis of the “D” 
trials. In the case of both errors and 
latencies this term yielded a significant 
F, showing that the shapes could not be 
considered a homogeneous sample. In 
other words, either the pre-experimental 
selection of the shapes was not based on 
those attributes most relevant to the sort 
of homogeneity desired, or the selection 


was not sufficiently rigorous. An ex- 
ample of the limitations that this sort 
of interaction places on the conclusions 
that can be drawn is given by the fol- 
lowing hypothetical experiment. Sup- 
pose a psychologist were interested in 
determining the effect of angular position 
on the recognition of letters of the alpha- 
bet. No problems would be encountered 
with letters such as c¢, e, g, k, etc., 
which are clearly different in different 
angular positions. However, x might 
be rotated through 90° or 180° without 
the rotation being detectable. Likewise, 
180° rotation would make p resemble d 
and b resemble q; z and 1 would be un- 
changed by this amount of rotation, and 
a perfectly circular o looks the same in 
all positions. The result of these rela- 
tionships would be that recognizability 
would be affected by the interaction 
between angular position and the shape 
of the particular letter concerned. Asa 
consequence, the hypothetical experi- 
menter would be unable to draw any 
general conclusions about the effect of 
angular position on the recognizability 
of letters. Apparently, the same phe- 
nomenon (in less exaggerated form) oc- 
curred in the present experiment in spite 
of the effort made to select a homogene- 
ous sample of shapes. 

Despite the inhomogeneity of the sam- 
ple, however, there are some conclusions 
which appear to be justified. It appears 
fairly certain, for example, that the char- 
acteristically higher scores obtained on 
the “S”’ trials would have occurred even 
though one of the other shapes had been 
chosen as the standard. Also, an exami- 
nation of the “D” error curves for the 
individual shapes suggested that the sys- 
tematic increase in errors as a function 
of increasing angular separation is a 
phenomenon peculiar to the “S’’ trials 
only. This is not to say that the dis- 
crimination of true shape differences is 
unaffected by changes in angular separa- 
tion; rather, it points up the fact that the 
response has multiple determinants. 
Two probable determinants are (a) the 
tendency for angular separation to make 
any two shapes look different, and (4) the 
tendency for angular separation to make 
more difficult S’s task of comparing the 
two shapes. In the case of identical 
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shapes, both these factors would operate 
to increase errors; in the case of different 
shapes, these factors would tend to work 
in opposite directions. This explanation 
would account for the fact that on the 
“S” trials errors increase with increasing 
angular separation, while on the “D” 
trials the number of errors appears to be 
relatively unaffected. 


Even though this experiment failed to provide 
conclusions about shape perception in general, 
the results do suggest hypotheses concerning 
certain practical problems. For example, the 
results suggest: (a) that navigation in flight by 
means of comparing contours on a map with con- 
tours on the ground should be maximally efficient 
when the map and the ground have the same 
compass orientation; (b) that failure to line up 
the map and the terrain should lead to more 
errors in judging “sameness” than in judging 
“difference”; and (c) that the relative prepon- 
derance of such “S” errors should increase as a 
function of increasing angular separation between 
map and terrain. Verification of these predic- 
tions in an actual flying situation would provide 
clues for methods of eliminating this source of 
navigational error. 


It should be noted that the difficulty 
encountered in attempting to obtain a 
suitable sample from the population of 
two-dimensional shapes is of the same 
general nature as the methodological 
problem which has plagued psychologists 
who have tried to use as independent 
variables such concepts as motivation, 
stress, permissiveness, conceptual element, 
and meaning. Giving adequate opera- 
tional definitions to variables such as 
these enables E to draw conclusions gen- 
eralizable to other samples from the same 
population of Ss. He cannot draw con- 
clusions, however, about other values of 
the same variable. In the case of all the 
variables listed above, the values used in 
any given experiment are necessarily a 
nonrandom selection from a distribution 
having unknown parameters. The attri- 
bute of “shape,” although ostensibly and 
superficially a more point-at-able con- 
cept than motivation or stress, actually 
belongs in the same category and suffers 
from the same limitations as an inde- 
pendent variable. Until it is possible to 
specify “shape” in a manner comparable 
to the specification of size, weight, or 


area, little progress can be made toward 
developing a theory of shape perception. 


SUMMARY 


Pairs of two-dimensional nonsense figures were 
presented tachistoscopically to Ss who were 
required to judge them for identity of shape. 
Each shape could be rotated clockwise or coun- 
terclockwise in its own plane to any of eight 
angular positions. The combinations of the 
angular positions of the two shapes in each pair 
resulted in angular separations of the shapes in 
multiples of 30° between 0° and 180°, inclusive. 
The accuracy and latency of shape discrimina- 
tion were studied as a function of the angular 
separation of the shapes. 

The results may be summarized as follows: 


1. On the trials on which the two shapes were 
actually identical, errors increased as a function 
of increased angular separation. The range of 
errors was from 20% to 40%. 

2. On the trials on which the two shapes were 
actually different, errors showed an initial de- 
crease (30° separation), followed by an increase 
(60°-150°) and a final drop at 180°. The range 
of errors on these trials was from 12% to 15%. 

3. Latencies on the “S” trials were consis- 
tently higher than on the “D” trials. The 
changes in latency as a function of angular sepa- 
ration were statistically significant, though 
irregular. 

4. Generalization of these results is limited 
by the fact that, in the case of both errors and 
latencies, a significant interaction was found 
between angular separation and the variable of 
shape. The use of “shape” as an independent 
variable is difficult because it is impossible to 
specify the procedure for selecting a representa- 
tive sample of shapes to be used as stimuli. 
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EFFECT OF STIMULUS AREA AND INTENSITY UPON THE 
LIGHT-ADAPTED ELECTRORETINOGRAM 


JOHN C. ARMINGTON AND FREDERICK C. THIEDE 
Army Medical Service Graduate School 


The relation of the retinal action 
potential (electroretinogram or ERG) 
to the area and intensity of the visual 
stimulus is of considerable importance 
(6, 9). Study of area and intensity 
effects may, among other thirigs, pro- 
vide information regarding glare and 
stray light effects within the eye (7, 8). 
In addition, attempts may be made to 
relate electrical findings to the struc- 
ture of the retina. Of the number of 
components in the human ERG, some 
can be identified with specific retinal 
functions. The prominent B-wave, 
for example, has been shown to possess 
scotopic properties (11, 13), while the 
A-wave has both photopic and scotopic 
segments (4,15). The X-wave accom- 
panies photopic activity (1,3). Area 
and intensity have been found to be 
closely interchangeable in their capac- 
ity to arouse a B-wave of a given mag- 
nitude over a wide range of stimulus 
diameters (8), but in this respect pho- 
topic potentials (the X- and photopic 
A-waves) have received less thorough 
examination. Thus, some question 
exists as to whether the density of cone 
receptor units at the retinal point 
directly stimulated underlies the sen- 
sitivity and magnitude of the 4- and 
X-waves (1). The present experiment, 
designed to check these possibilities, 
is primarily a study of the effects of 
area and intensity upon these two 
components of the photopic electro- 
retinogram. 


METHOD 


A pparatus—The apparatus used in the pres- 
ent study was nearly identical with that em- 
ployed in earlier investigations (2, 7,11). Light 
from a tungsten ribbon filament maintained at a 


constant temperature of 2800° was collimated 
and passed through interchangeable Wratten 
neutral density filters and a piece of Corning HR 
signal 1 red No. 12 glass. To provide single test 
flashes, the light was brought to a focus upon the 
leaves of a photographic shutter set at .01 sec. 
Then the rays diverged and with additional 
lenses were finally brought to a second focus at 
S’s pupil. In this way, S was presented with a 
“Maxwellian view” of the final lens in the system. 
The stimulus appeared as a uniform disk of red 
light. 

The diameter of the stimulus (Table 1) was 
controlled by an adjustable diaphragm placed 
behind the final lens. A biting board and a dim 
red fixation point were used to fix the position 
of the eye. In order to eliminate scotopic effects 
from the tracings, only red flashes were used, and 
the eye was maintained in a light-adapted state 
by an illuminated matte white screen mounted 
concentrically about the stimulus area. This 
surround, which nearly filled the visual field, had 
a luminance of 2 ft.-L. 

In the first phase of the experiment, stimuli of 
different areas were centered on the fovea. In 
the second phase, a few data were collected with 
a fixed stimulus of 12° diameter centered at one 
of several positions on the nasal part of the 
retina. To stimulate peripheral parts of the 
retina, the eye was shifted to one side. The 
actual angular extent of this movement was 
determined by the fixation point, which was 
placed at selected locations in the visual field. 
Actually, stimuli were centered 0°, 12°, 23°, 33°, 
41°, and 52° away from the fovea. In the latter 
phase, a piece of ground 'glass was mounted in 
place of the final lens, making alignment with 
the optical system less critical. In a third phase 
of the experiment, test flashes were placed in the 
blind spot, using both of the stimulus arrange- 
ments described above. 

Potentials were obtained with a silver-silver 
chloride electrode supported by a contact lens. 
The reference electrode was worn on the fore- 
head. Recordings were traced with a Grass ink- 
writing electroencephalograph. 

Procedure.—At the beginning of an experi- 
mental session, S inserted his contact lens elec- 
trode and aligned his eye with the stimulator. 
Next, the eye was adapted to darkness for 15 
min. and subsequently adapted to light for 5 
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TABLE 1 


ArEAs AND DIAMETERS OF TEST FLASHES 











Diameter Estimated Log 
of Stimulus Retinal Area Retinal 
i grees (Mm.*) Area 
30 65.8 1.818 
26 49.0 1.690 
21 31.2 1.494 
14.9 17.6 1.246 
10.7 7.83 893 
5.3 1.95 290 
2.6 394 1.595 

1.27 120 1.079 





min. Experimentation commenced with the 
adaptation screen remaining lighted. The stim- 
uli were administered at 1-min. intervals, area 
and intensity being changed in a random manner. 
Since the contact lens caused considerable dis- 
comfort after about one hour’s work, as many as 
ten experimental sessions were sometimes re- 
quired of S. In general, a single response to 
each area-intensity combination was obtained. 

Our records exhibited both A- and X-waves 
(2, 3, 14). For purposes of measurement, the 
amplitude or height of the photopic 4-wave was 
taken as the distance from the base line immedi- 
ately preceding the stimulus to the trough of the 
first negative response; that of the X-wave, from 
this trough to the following crest. 

Subjects —Three Ss with normal vision were 
used in these experiments. 
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Fic. 1. Typical responses to stimuli of sev- 
eral areas and intensities. Vertical line shows 
approximate time of the onset of the stimulus. 
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Fic. 2. Height of X-wave as a function of 
stimulus intensity for different areas. Subject 


FT. 
RESULTS 


Characteristics of the response.—The 
features exhibited by our recordings 
may be seen in Fig. 1, where an up- 
ward deflection denotes positivity of 
the cornea with respect to the refer- 
ence electrode. Each response dis- 
plays two principal waves, namely, an 
initial negative photopic A4-wave fol- 
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Fic. 3. Relation between stimulus area and 
intensity for constant heights of Y-wave response. 
Average data for three Ss. 
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TABLE 2 
Locaritums oF INTENSITIES REQUIRED FoR Criterion Hericuts or X RESPONSE 
Diameter 
Criterion S 
30° 26° 21° 15° 11° | 5.3° 2.6° 1.3° 

25 uV JA —2.9 —2.7 —2.4 —1.8 —1.0 —0.7 —0.5 0.0 

WZ —2.8 —2.5 —2.2 —1.5 —1.1 —0.5 — .25 0.0 

FT —3.0 —2.4 —2.2 —1.9 —1.5 —0.9 —0.4 0.0 

Mean —2.9 —2.5 —2.3 —1.7 —1.2 —0.7 —0.4 0.0 
35 uV JA —1.7 —2.0 —1.8 —1.2 —0.6 —0.2 

WZ —1.9 —1.6 —1.3 —0.8 —0.6 —0,2 

FT —1.8 —1.6 —1.3 —1.0 —0.8 —0.5 | 

Mean —1.8 —T[.7 —1.5 —1.0 —0.7 —0.3 

———————— 

50 wV JA | —1.2 —1.1 —1.0 —0.4 —0.1 

WZ —1L.1 —0.9 —0.7 —0.3 —0.1 | 

FT | —1.1 —0.9 —0.6 —0.5 —0.2 | 

Mean —11 | -10 | -08 | —04 | —O.1 | 

| | 




















lowed by a positive X-wave. With 
many Ss, as is the case in Fig. l, a 
large additional negative signal fol- 
lows the X-wave. This, however, is 
largely an artifact potential resulting 
from movement of the eyelids. Since 
it is released by the visual stimulus, it 
must occur subsequent to initial activ- 
ity of the retina. 

It is quite clear that both 4- and 
X-waves are more prominent with 
large and intense stimuli: a decrease 
in either parameter results in lessened 
activity. Figure 2 presents plots of 
the amplitude of the X-wave response 
as a function of stimulus intensity for 
one S. The plots, all of the same 
approximate. form, indicate a fairly 
regular decrease in height with les- 
sened intensity. 

From such intensity plots, curves 
were derived showing the area-inten- 
sity combinations which may be taken 
for a constant X-wave height. Figure 
3 is based upon such data averaged for 
all three Ss; the values for each indi- 
vidual are given in Table 2. These 
curves again emphasize the effective- 
ness of area for eliciting the X-wave. 
In fact, it is to be noted that a slight 
curvature is exhibited by these plots, 


a feature which demonstrates that X- 
waves were elicited with less total flux 
when large stimulus patches were 
used. 

Similar plots have been constructed 
with the larger area data for the pho- 
topic A-wave, and are shown for one S 
(WZ) in Fig. 4 and 5. Since this 
component is too smajJl to be reliably 
measured when small stimulus areas 
are used, only the responses to large 
areas are plotted. 

Retinal location.—In the second 
phase of this work, stimuli of fixed 
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Fic. 4. Height of A-wave as a function of 
stimulus intensity. Subject WZ. 
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Fic. 5. Relation between stimulus area and 
intensities used for a 20 uV A-wave. Subject 
WZ. 


diameter were placed at different ret- 
inal loci. In their form the responses 
from each position appeared quite 
similar (Fig. 6), but in size the periph- 
eral areas consistently gave somewhat 
larger signals than the central ones. 
Further information on these points 
was obtained with one S (JA) by 
delivering ten stimuli of maximum 
intensity to the 0° and 52° positions. 
The mean amplitude of response for 
the fovea was 22 pV, while that for 
the periphery was 35 pV, a difference 


which was shown to be significant . 


beyond the .01 level of confidence with 
Wilcoxon’s method of unpaired repli- 
cates (16). 

Blind spot.—A comparison was made 
between the effects of delivering a test 
flash to the region of the blind spot 
and to a point 10° temporal to blind 
spot. For this purpose, a 5.3° stim- 
ulus was presented with Maxwellian 
view. For one S (JA), the average 
height of the response from the blind 
spot was 38.5 ywV, while that of the 
adjacent region was 39.0 wV. This 
difference is not significant. A sim- 
ilar comparison made with the ground 
glass in place also showed no difference. 


Discussion 


The present results are puzzling be- 
cause the magnitude of the 4- and X- 
waves of the ERG does not appear to be 
directly related to the spatial distribution 
of cone receptors in the retina. Small 
stimuli placed where the cones are the 
most concentrated have no more effect, 
and sometimes even less effect, than sim- 
ilar stimuli located where cones are 
sparse. Although the data _ hitherto 
available offer no completely adequate 
explanation for this finding, some of the 
factors most likely to be involved will be 
discussed. 

Stray light—The findings reported 
above closely resemble those found in 
studies for the B-wave (7,8) in that reduc- 
tions in intensity may be readily compen- 
sated by increases in the illuminated area, 
and responses can be evoked by stimuli 
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Fic. 6. Responses from six different retinal 
positions. Subject JA. Locations of stimuli: 
A, fovea; B, 12°; C, 23°; D, 33°; E, 41°; and F, 


52° nasally from the fovea. 
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focused upon the blind spot (5, 7, 8). 
To account for this, the hypothesis has 
been advanced that the B-wave is not 
produced exclusively by those receptors 
directly stimulated, but, rather, that it is 
released by the entire scotopic retinal 
population indirectly stimulated through 
entopic stray light. A simple stray light 
hypothesis, however, does not adequately 
explain X- and photopic 4-wave activity. 
A large segment of the photopic mecha- 
nism must have been directly stimulated 
with flashes of all areas since the cone 
receptors are greatly concentrattd in the 
region of the fovea and its immediate 
surroundings. Because of this and be- 
cause less of the retina remains to be 
indirectly stimulated as stimulus area is 
increased, it would be anticipated that as 
area became greater, additional incre- 
ments would become less rather than 
more effective. 

There is, nevertheless, reason for be- 
lieving that stray light has some effect on 
the components of the photopic ERG. 
Otherwise, it is difficult to explain the 
large response to stimuli centered about 
the blind spot. Furthermore it has been 
reported that the photopic ERG is quite 
sensitive at short wave lengths (3); this 
phenomenon may also be attributed, in 
part, to stray light effects. 

Origin of the ERG.—There is little evi- 
dence regarding the site from which the 
contact lens electrode collects potentials, 
but located as it is at the front of the eye, 
it may be exposed mostly to peripheral 
retinal activity. If this should be true, a 
major part of the recorded response 
would be produced at the periphery by 
scattered light, while response directly 
produced by more central regions of the 
retina would be less conspicuous. It is 
interesting to note in this connection that 
if a voltage is applied to our electrodes so 
as to elicit phosphenes, these appear to 
be confined to peripheral regions. A sec- 
ond factor to be considered is that we do 
not know which structures are responsible 
for the major features of the ERG. This 
is especially true of the vertebrate eye.' 


1 Evidence of Hartline and his associates (10) 
suggests rather strongly that the ERG of Lim- 
ulus originates in the receptors. 


The fact that large responses can be 
obtained from peripheral regions of the 
retina where the retinal population is 
relatively sparse might indicate that 
neural elements other than actual recep- 
tors are involved in the production of the 
ERG. Regional differences in retinal 
tissue volume are less pronounced than 
is the density of the photopic receptor 
population (12). Thus, the possibility 
must be kept in mind that, by virtue of a 
greater wealth of nervous connections, 
peripherally situated receptors might be 
capable of stimulating a comparatively 
large number of bipolar and ganglion 
cells. 

A-wave.—A straight line has been 
drawn through our area-intensity wave 
for the A-wave (Fig. 5). The exact form 
of this curve, which covers a limited 
range of intensities, is not certain. - 
waves of 20 uV, however, appear only 
when the X-wave is quite large, and exam- 
ination of Fig. 3 will reveal that the 50 
uV X-wave data could also be well 
described by a straight line of the same 
slope. Hence, the results do not point 
out differences, but on the contrary, point 
to the similarity of the two waves. 


SUMMARY 


Experiments were conducted to test the effects 
of stimulus area and intensity upon the light- 
adapted electroretinogram. Conventional re- 
cording procedures and techniques were used. 
It was found that inversely related stimulus areas 
and intensities may be used to produce criterion 
magnitudes of both A- and X-wave responses. 
The A- and X-wave responses do not appear to 
depend in any simple way upon the retinal region 
which is directly stimulated. The possibility 
that scattered light, or other factors, may be 
responsible for the results is discussed. 
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PERCEPTION OF THE RELATIVE DISTANCE POSITION OF 
OBJECTS AS A FUNCTION OF OTHER 
OBJECTS IN THE FIELD! 
WALTER C. GOGEL 
Army Medical Research Laboratory 


It is well known that a number of 
circumstances, such as the presence of 
misleading cues of size, may distort 
O’s perception of the relative distance 
of objects from himself. ‘The purpose 
of the present study is to determine 
what effect such a distortion will have 
upon the perception of the distance 
position of objects other than those 
that contain the misleading cues. 


The nature of this problem can be illustrated 
by a landscape containing a large and small 
building, with the larger building more distant 
than the smaller. Assume that cues which would 
make O perceive the actual distance of the build- 
ings are reduced or absent so that the more dis- 
tant building, because of its larger size, appears 
nearer than the smaller building even though it 
is physically farther away. In this case, what 
would be the perceived relative distance of a 
tree that is located beside the apparently nearer 
(larger) building? If, for example, the tree is 
correctly perceived as being at the distance of 
the apparently nearer building, it will be incor- 
rectly perceived as being less distant than the 
apparently farther (smaller) building. If, how- 
ever, the tree is correctly perceived as being more 
distant than the apparently farther building, it 
will be incorrectly perceived as also being more 
distant than the apparently nearer building. If 
the tree appears intermediate in distance to the 
two buildings, its distance will not be correctly 
perceived with regard to either building. Also, 
what would be the perceived distance of the tree 
in relation to other objects, for example, a bush 
which is physically located beside the apparently 
farther building? If such questions are asked 
with respect to various objects scattered through- 
out the landscape, it will be seen that the distor- 
tion in the perception of the relative distance of 
the two buildings will probably affect the percep- 
tion of the relative distance of many other ob- 


1 The author wishes to acknowledge the valu- 
able assistance of John P. Tammaro, David A. 
Nordling, and Fred L. Nungesser, Jr. in making 
the series of figures and in collecting and analyz- 
ing the data. 


jects, both as compared with the distance to the 
buildings and to each other. 


Visual situations of this type have 
two essential characteristics. First, a 
difference between the physical and 
apparent relative distance of several 
objects (an illusion in depth) must be 
present. Second, an object which 
does not involve the misleading cues 
to depth (a dissimilar object) must be 
located in the visual field. The study 
of such visual situations requires that 
the apparent distance of the dissimilar 
object with respect to the various 
parts of the visual field be investigated. 

In the experiments that follow, the 
illusion was produced by a series of 
apparently rectangular figures which 
differed in size. The dissimilar object 
was a disc. Since thé disc differed in 
shape from the rectangles, it presum- 
ably would not result in relative size 
cues with respect to these rectangles. 
The investigation of the apparent dis- 
tance of the disc was accomplished 
through determining the physical posi- 
tions at which the disc appeared equi- 
distant with several parts of the illu- 
sion. Short viewing distances of 
approximately 10 ft. were used, 
rather than the larger distances which 
might be suggested by the example of 
the landscape. 


GENERAL APPARATUS 


The disc, rather than being an actual object, 
was generated by a stereoscopic instrument 
which projected a disc of light on the retina of 
each eye of S. Two independent optical systems 
were used, one for producing each disc of light. 
Each optical system consisted essentially of a 
concave (Mangin) mirror which was placed 
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above a circular aperture source of light so that 
parallel light was reflected from the mirror. The 
light coming from the mirror was reflected from a 
half-reflecting surface into the eye of S. The 
half-reflecting surface permitted S to see both 
the disc and actual objects which were placed a 
distance in front of S. When S turned a knob 
on the stereoscopic instrument, the right optical 
system rotated and changed the lateral position 
of the disc of light on the right retina. The left 
optical system always remained fixed. The disc 
was orange in color and subtended 15 min. of vis- 
ual angle. 

When S looked through the stereoscopic in- 
strument binocularly, the two retinal disc images 
fused and a single disc was seen. If another 
object, for example, a rectangle, was physically 
located in front of S, the disc appeared to be in 
front of, behind, or at the same distance as the 
rectangle, depending upon the knob adjustment. 
The knob controlled the retinal disparity be- 
tween the fused disc and the rectangle, so that 
turning the knob made the disc appear to move 
in distance. The stereoscopic instrument was so 
mounted that the whole instrument could be 
rotated. This rotation did not change the retinal 
disparity relations between the disc and any 
object in front of S, but it did change the lateral 
(right-left) position of the disc in the visual field. 
The adjustment knob on the stereoscopic instru- 
ment was linked to an indicator which measured 
the orientation of the right optical system. With 
S’s interpupillary distance (as measured with an 
interpupillometer) and the calibration constant 
of the instrument, the linear distance which cor- 
responded to the position of the disc could be 
calculated for any adjustment of the knob. The 
instrument used in this study has been described 
by Alluisi and Harker (1), and a later model by 
Harker (3). 


EXPERIMENT | 
Apparatus and Procedure 


In Exp. I, the illusion in depth was produced 
by using a series of nine white similar figures. 
These figures (trapezoids) varied regularly in 
size. They were made from a piece of white 
cardboard, parts of which were blackened so that 
the remaining parts formed the figures. The 
over-all dimensions of this series of nine figures 
were 7.4 cm. in height at the larger end, 2.5 cm. 
in height at the smaller.end, and 40 cm. in 
length? 

When S looked through the stereoscopic in- 


2 Additional information on the construction 
of the series of nine figures and the control rec- 
tangles can be found in Army Medical Research 
Laboratory Report No. 107, Fort Knox, Ken- 
tucky, 1953. 
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Fic. 1. Schematic drawing of front and top 
views of the illusion and nonillusion orientation 
of the series of figures, showing the various lateral 
positions of the disc and the two positions of the 
reference object (R) 


strument, he saw the disc and what appeared to 
be a series of nine white rectangles. In what is 
called the “illusion situation,” the rectangles 
seemed to be in a row which extended from near 
right to far left. Actually, as shown in Fig. 1, 
the right rectangles were farther from S than the 
left rectangles. If the position of S were indi- 
cated in the two top views of Fig. 1, it would be 
well below the bottom of the drawings. When 
the same series of figures was orientated as shown 
in the right half of Fig. 1, the right rectangles 
appeared to be farther away than the left rec- 
tangles. -This is in agreement with their phys- 
ical positions and is called the “nonillusion” 
situation. In both the illusion and nonillusion 
situation, the extreme right and extreme left 
edges of the display were 322 cm. and 284 cm., 
respectively, from S. In order to determine how 
the illusion affected the apparent distance posi- 
tion of the disc, S adjusted the disc to apparent 
distance equality with several parts of the illu- 
sion. Repeating this in the nonillusion situation 
permits the effects due to the illusion to be 
evaluated. 

The E rotated the stereoscopic instrument so 
that the disc appeared in one of three lateral 
positions. These lateral positions were not 
changed by S. The three alternate lateral posi- 
tions of the disc are indicated by the small dashed 
circles in the front view of the left half of Fig. 1. 
The lateral position of the disc determined its 
line-of-sight position with respect to the series of 
figures, but did not determine the apparent dis- 
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tance of the disc from S. This is illustrated by 
the long arrowed lines in the top views of Fig. 1. 
For example, for alt points on the left long 
arrowed line in the left half of Fig. 1, the disc 
was most nearly in line of sight with the left end 
of the series of figures. For purposes of de- 
scription, the disc in this case will be said to be 
“laterally adjacent” to the left end of the series 
of figures, but “laterally displaced” from the 
right end of the series of figures. These long 
arrowed lines also represent the approximate 
path along which the disc could be moved in 
distance by S when it was in each of the three 
lateral positions. For example, when thedisc was 
laterally adjacent to the left end of the series of 
figures, it remained laterally adjacent to this end, 
regardless of whether S adjusted the knob to 
make the disc appear in front of, behind, or at 
the distance of this left end. As shown in Fig. 1, 
all three lateral positions of the disc were used 
with the illusion situation, but only the two 
extreme lateral positions were used with the non- 
illusion situation. 

With the disc in each of the three lateral posi- 
tions, S was instructed to fixate either the ex- 
treme right or the extreme left edge (end) of the 
series of nine figures, and to adjust the disc in 
depth until it appeared at the same distance from 
himself as this edge. The edge selected for this 
purpose is called the reference object. The two 
alternate positions of the reference object are 
shown in each of the top views of Fig. 1. It will 
be seen from Fig. 1 that the lateral position of the 
disc was either adjacent to the reference object 
or displaced from the reference object to either 
the opposite end or the approximate center of the 
series of nine figures. The use of the series of 
nine figures is called an experimental situation. 

Errors in adjusting the disc to equidistance 
with a reference object might be due to (a) the 
presence of the series of nine differently sized 
figures, (b) errors in the measurement of the 
interpupillary distance of S or in the measure- 
ment of the calibration constant of the stereo- 
scopic instrument, or (c) psychological errors 
attributable to sources other than the presence 
of the series of figures; for example, aniseikonic 
effects when the disc was laterally displaced from 
the reference object. Only errors attributable to 
a are of interest in this study. Therefore, con- 
trol situations were used in which the only errors 
which could occur were from sources bore. The 
differences between the results obtained in an 
experimental situation and its appropriate con- 
trol can be attributed to the presence of the series 
of nine figures. A control situation consisted of 
a single small rectangle with the series of nine 
figures removed. The rectangle was placed fron- 
tal to S, with its outer edge at the spatial position 
previously (or later) occupied by a reference 
object of the series of nine figures. In this posi- 


tion, a control rectangle had approximately the 
same retinal size as that end figure of the series 
which contained the reference object for which 
it was acontrol. This required four control rec- 
tangles which were presented one at a time. 
With the illusion situation, the control rectangle 
for the left reference object was a small rectangle 
located at the left at a distance of 284 cm. from 
S, and for the right reference object, a larger rec- 
tangle located at the right at a distance of 322 
cm. from S. With the nonillusion situation, the 
control rectangle for the right reference object 
was a small rectangle located at the right at a 
distance of 322 cm. from S, and for the left ref- 
erence object, a larger 1 ectangle located at the 
left at a distance of 284 cm. from S. The outer 
edge of a control rectangle was used as a refer- 
ence object. The lateral (and vertical) position 
of the disc with respect to a particular reference 
object was the same in both an experimental and 
its appropriate control situation. All the objects, 
including the disc, were seen binocularly through- 
out this experiment. 

When the disc was laterally adjacent to a con- 
trol rectangle, errors due to source ¢ were mini- 
mal. The adjustment of the disc to equidistance 
with a control rectangle, in these cases, can be 
considered to be correct; i.e., all the error can be 
attributed to source b, Laterally displacing the 
disc from a control rectangle in these experi- 
ments resulted in only small changes in the dis- 
tance adjustment of the disc. Therefore, the 
average adjustments from all the control situa- 
tions can be considered as approximately correct. 

Twelve men were used at Ss. Each S made 
16 adjustments of the disc to apparent depth 
equality with each reference object in each exper- 
imental and control situation. Following a set 
of 16 adjustments in an experimental situation, 
the Ss were asked to estimate the orientation of 
the series of nine figures. The order of present- 
ing the different situations was systematically 
varied between Ss with respect to (a) whether a 
control was presented before or after the experi- 
mental situation to which it applied, (6) whether 
the illusion or nonillusion situation was presented 
first, (c) the order of presenting the three lateral 
positions of the disc with respect to the reference 
object, and (d) the order of designating the right 
or left edge as a reference object. 

In the three experiments of this paper, the 
brightness of the objects actually located in front 
of S was 2.4 ft.-lamberts; the illumination was 
white, and no objects were visible except the disc 
and either the series of nine figures or a control 
rectangle. 


Results 


The results from Exp. I are sum- 
marized in Table 1. Each mean in 
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TABLE 1 


Means anv SD’s 1n CENTIMETERS FROM Apjustinc A Disc To APPARENT EqQulmpISTANCE WITH A 
REFERENCE OBJECT WHEN THE LATTER 18 Part or A SERIES OF SIMILAR FIGURES OF 
DirFERENT Sizes AT DirFERENT DIsTANCES 





























Illusion Situation Nonillusion Situation 
Letessl Fesition ae at Experimental Control Experimental Control 
Mean SD Mean SD Mean SD Mean SD 
At Right End Right End 328 3.9 328 3.3 331 7.1 331 5.8 
At Left End Left End 294 4.8 294 5.0 | 294 3.7 295 4.1 
At Left End Right End 288 13.3 330 13.9 324 21.5 330 11.1 
At Right End Left End 336 12.3 293 8.5 299 5.3 290 6.0 























the table is an average of 12 scores, 
one from each S, where each score is 
an average of 16 adjustments of the 
disc to apparent distance equality 
with a reference object. The SD’s in 
Table 1 were computed from the dis- 
tributions of 12 scores. The positions 
of the disc and reference object given 
in the first two columns of Table 1 
specify the lateral relation between 
the disc and reference object. For 
example, with the reference object the 
right end of the series of nine figures, 
the first row refers to the situation in 
which the disc was laterally adjacent 
to this reference object and the third 
row to the situation in which the disc 
was laterally displaced from this ref- 
erence object to the opposite end of 
the series of figures. The average 
adjustments from the situation in 
which the disc was laterally adjacent 
to the approximate center of the illu- 
sion are not shown in Table 1. These 
results are 315 cm. (SD = 5.7) and 
313 cm. (SD = 8.7) for the adjust- 
ment to the right and left reference 
objects, respectively. 

The average estimation of the orien- 
tation of the series of nine figures was 
that it appeared to extend from near 
right to far left at 23° with respect to 
the frontal plane in the illusion situa- 
tion, and from near left to far right at 
43° in the nonillusion situation. Actu- 


ally, the orientation was always at 70° 
from near left to far right. It seems 
that some amount of illusion remained 
in the nonillusion situation. 

The average adjustments in centi- 
meters from the control situations in 
this and the following experiment are 
larger than the physical distances of 
the control rectangles from S. A 
constant error probably occurred in 
converting the indicator readings of 
the stereoscopic instrument to centi- 
meters. This is not important, how- 
ever, since the concern is with the 
differences between the mean results 
from the various situations. 

Consider the case in which the disc 
was laterally adjacent to the left end 
of the series of figures in the illusion 
situation. When the disc was ad- 
justed to the apparent distance of this 
left end, the mean adjustment was the 
same as the mean adjustment on the 
control (294 cm.), i.e., the adjustment 
to the left end was correct. In adjust- 
ing the disc to the apparent distance 
of the apparently nearer but physi- 
cally farther right end, the disc was 
both physically and apparently moved 
in front of the left end to a distance 
of 288 cm. from S. It may be con- 


cluded that with the disc at this left 
lateral position, the physical distance 
of the disc with respect to the left end 
was always correctly perceived. But 
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the physical distance of the disc was 
incorrectly perceived in relation to the 
right end of the illusion. This is indi- 
cated by the difference between the 


288-cm. mean adjustment on the right 


end and the 330-cm. mean adjustment 
on the identically placed control for 
this right end. This difference of 42 
cm. was significant beyond the .001 
level of confidence (¢ = 14.6). 

In the case in which the disc was 
laterally adjacent to the right end of 
the series of figures in the illusion situ- 
ation, it can be concluded that the 
distance position of the disc was always 
correctly perceived with respect to the 
right end and always incorrectly per- 
ceived with respect to the left end. 
This is indicated by the fact that in 
this situation, the average adjustment 
of the disc to apparent equidistance 
with the right end of the illusion was 
the same as when the control was used 
(328 cm.), but in adjusting the disc 
to the apparent distance of the 
apparently farther but physically 
closer left end, the disc was moved 
behind the 328-cm. position to a 
distance of 336 cm. This mean ad- 
justment of 336 cm. was significantly 
different from that from the control 
(293 cm.) beyond the .001 level of 
confidence (¢ = 12.1). 

Some differences between the aver- 
age adjustment of the disc in the 
experimental and appropriate control 
situations also occurred with the non- 
illusion situation when the disc was 
laterally displaced from the reference 
object to the other end of the series of 
figures. These differences were less, 
however, than those which occurred 
in the illusion situation (beyond the 
001 level of confidence, t = 7.2 and 
8.4) and can be attributed to S’s seeing 
the so-called nonillusion series at a 43° 
instead of its 70° orientation. Also, 
laterally displacing the disc to the 
approximate center of the series of 
nine figures in the illusion situation 


affected the apparent depth relation 
between the disc and both reference 
objects. But this effect was less than 
that which occurred when the disc was 
laterally displaced from the reference 
object to the opposite end of the illu- 
sion. Evidently, when the disc is 
laterally adjacent to one object, the 
distortion in the perception of its dis- 
tance position with respect to another 
object depends upon the magnitude 
of the depth illusion between these 
two objects. 


Experiment II 
Apparatus and Procedure 


The illusion in depth used in this experiment 
was similar to that of Exp. I except that the 
series of figures was parallel to the objective fron- 
tal plane of S, with each end at a distance of 303 
cm. With this orientation, the series of figures 
was constructed to produce the same retinal 
image as that which occurred in the illusion situ- 
ation of Exp. I. The procedure was the same as 
that of Exp. I with the same 12 Ss being used, 
but unlike Exp. I, a nonillusion situation was not 
presented and only the two extreme lateral posi- 
tions of the disc were used. The control situa- 
tions consisted of either a sthali rectangle located 
to the left or a larger rectangle located to the 
right, with each rectangle at a distance of 303 cm. 
from S. 


Results 


The average estimate was that the 
series of nine figures extended from 
near right to far left at 20° with 
respect to the frontal plane. The 
results from adjusting the disc to ap- 
parent equidistance with the extreme 
right or the extreme left edge of the 
series of figures are summarized by 
the means and SD’s of Table 2. The 
mean adjustment differences between 
the experimental and appropriate con- 
trol situations were small or zero when 
the disc was laterally adjacent to the 
reference object, but larger when the 
disc was laterally displaced from the 
reference object to the other end of 
the illusion. Neither of the former 
differences was significant at the .1 
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TABLE 2 


Means anv SD’s tn CENTIMETERS FROM Ap- 
yustinc a Disc To APPARENT EquipisTANcE 
wiTH A REFERENCE OBJECT WHEN THE 
Latrer 1s Part or A SERIES OF 
Smuriar Ficures or DiFFERENT 
Sizes aT THE SAME 
DIsTANcE 








Illusion Situation 





panesel Pe - 
osition erence xperi- 
of Disc Object mental Control 





Mean} SD | Mean} SD 





At Right End | Right End} 312 | 3.0) 312 | 3.2 
At Left End | Left End | 312 | 2.6) 313 | 2.6 
At Left End | Right End} 306 | 7.5] 310 | 6.9 
At Right End | Left End | 319 | 8.5) 310 | 8.9 




















level of confidence. The latter differ- 
ences (319 cm. minus 310 cm., and 310 
cm. minus 306 cm.) were significant 
beyond the .02 and .05 levels of con- 
fidence (t = 2.7 and 2.3). Like the 
results of Exp. I, these results indicate 
that the illusion did not disturb the 
perception of the distance position of 
the disc with respect to the part of the 
illusion with which it was laterally 
adjacent, but this perception was dis- 
turbed with respect to the part of the 
illusion from which the disc was most 
laterally displaced. It was as though 
the binocular disparity between the 
disc and the part of the illusion from 
which the disc was most laterally dis- 
placed was ineffective in determining 
the apparent position of the disc. 
This is investigated further in Exp. 
Il. 


ExperiMEntT III 


Apparatus and Procedure 


The only situation used in this experiment was 
the illusion situation of Exp. I. No controls 
were employed, and the disc was always laterally 
adjacent to the left end, with the extreme right 
edge of the series of figures always designated as 
the reference object. In Exp. I and II all the 
objects were seen binocularly. In this experi- 
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ment with one situation called the “monocular 
illusion” only the right (largest figure) and the 
disc were seen binocularly. The eight other 
figures of the series of nine figures were seen only 
with the right eye. In another situation called 
the “binocular illusion,” all the objects including 
the disc were seen binocularly. Ten Ss were 
used, eight of whom were Ss in Exp. I and II. 
Each S made 16 adjustments of the disc to appar- 
ent distance equality with the fixated reference 
object in both the monocular and binocular illu- 
sion situation. With five Ss (four of whom were 
used in Exp. I and II), the monocular illusion 
was presented before the binocular illusion. 
With the remaining five Ss the order of presenta- 
tion was reversed. 


Results 


The average estimate was that the 
series of figures extended from near 
right to far left at 22° with respect to 
the frontal plane in the monocular 
illusion, and at 20° in the binocular 
illusion. Physically the orientation 
was from near left to far right at 70° 
with respect to the frontal plane. 

With the monocular illusion, binoc- 
ular disparity did not occur between 
the disc and those portions of the illu- 
sion which were seen with only one 
eye. The mean adjustment of the 
disc to apparent equidistance with the 
right end of the illusion was 317 cm. 
(SD = 13.5) in the monocular and 291 
cm. (SD = 8.5) in the binocular illu- 
sion situation. The difference of 26 
cm. between these two means is signifi- 
cant beyond the .001 level of confi- 
dence (t = 6.7). The disc had to be 
adjusted physically closer to S in the 
binocular than in the monocular illu- 
sion in order to appear at the same 
distance as the same reference object. 
It seems that the apparent distance 
position of the disc with respect to this 
reference object was determined by 
the binocular disparities between the 
disc and objects laterally adjacent to 
the disc, rather than by the binocular 
disparity between the disc and refer- 
ence object. 
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Discussion 


These experiments suggest the follow- 
ing hypothesis: With a binocular illusion 
in depth, the distance position of a disc 
will be most correctly perceived with 
respect to that part of the binocular illu- 
sion with which it is most frontally adja- 
cent. The word frontally is used rather 
than Jaterally in order to include situa- 
tions involving either or both lateral and 
vertical displacement. The part of the 
illusion to which the disc is most frontally 
adjacent is defined as that part which is 
most visually adjacent to a line that 
extends from S through the disc. It is 
the object most adjacent to the disc 
when all the parts of the illusion are pro- 
jected on the same objective fronto- 
parallel plane from the position of S. 

Several of the Ames demonstrations 
(4) provide situations of the general type 
considered here. Ames (2), using a trap- 
ezoidal window, found that an object 
attached to the physically rotating win- 
dow would appear to rotate around the 
window while the window appeared to 
oscillate. Kilpatrick (5) attached a 
playing card to the rotating trapezoidal 
window and found with monocular obser- 
vation that the card appeared to rotate 
independently of the window or to oscil- 
late with the window, depending upon the 
condition of attachment. From the pres- 
ent study, it would be expected that, with 
binocular observation, the apparent path 
of movement of the attached object 
would depend upon its successive line- 
of-sight (lateral) relations with the vari- 
ous parts of the trapezoidal window. 
These lateral relations can be affected by 
the manner in which the object is attached 
to the window. Therefore, the apparent 
path of the object should be predictable 
for particular conditions of attachment. 
This will be considered in a future report. 

The results from the present study sug- 
gest a convenient method of investigating 
the apparent depth between two binoc- 
ular objects. If a disc (real or stereo- 
scopically generated) is placed nearly in 
line of sight with one of the two objects, 
and, while maintaining this position, is 


successively adjusted to apparent dis- 
tance equality with each of the two ob- 
jects, the difference in the two distance 
adjustments will indicate the apparent 
depth between the two objects. This 
would not be the case, however, if the 
disc were placed so that it was nearly in 
line of sight with each object before the 
apparent distance equality adjustment to 
that object was made. 

Also, from the results, it would be ex- 
pected that if two discs had been present 
in the illusion situation of Exp. I, with a 
disc placed above and at the distance of 
each end of the illusion, the right disc 
would have tended to appear closer to § 
than the left disc, even though it was 
physically farther away. This suggests 
that the apparent orientation of the vis- 
ual field surrounding the series of nine 
figures should undergo as much distortion 
as that which occurred with the series of 
nine figures. Conversely, if the series of 
nine figures fails to distort the depth rela- 
tions in the surrounding visual field, it is 
likely that the correct orientation of the 
series of nine figures will be perceived. 
This might explain why a binocular illu- 
sion in depth seems to occur most readily 
in an otherwise dark room, i.e., in a situ- 
ation which does not contain a number of 
other objects whose relative distance 
positions with respect to each other are 
clearly perceived. 


SUMMARY 


An illusion in depth was produced by using a 
series of similar objects of different sizes. It was 
found that the adjustment of a binocular disc to 
apparent distance equality with a part of the 
binocular illusion was influenced by the line-of- 
sight position of the disc with respect to the 
illusion. It is hypothesized that a binocular 
depth illusion will least disturb the apparent rela- 
tive distance of the disc from S with respect to 
that part of the illusion which is most nearly in 
line of sight with the disc. It is suggested that 
the binocular disparity between the disc and a 
frontally adjacent (line-of-sight) object is func- 
tionally more important than that between the 
disc and a frontally displaced object, regardless 
of which of these binocular disparity relations S 
attempts to use. 
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THE EFFECTS OF PUNISHMENT UPON SYLLABLE 
RECOGNITION THRESHOLDS! 


WILLIAM LYSAK ? 
University of Wisconsin 


Discrepancies in the results of recent 
experiments have brought into ques- 
tion the concepts of “perceptual de- 
fense” and “subception” (1, 2, 3, 5, 
6, 7, 8, 9, 11). Some have shown 
higher recognition thresholds for nega- 
tive or taboo words as well as greater 
GSR’s during “prerecognition expo- 
sures” of such words (7). Others have 
shown greater GSR’s in the prerecog- 
nition exposures of previously pun- 
ished words but no differences in 
recognition thresholds (5, 6); while 
another (2) has shown lowered recog- 
nition thresholds to both positive and 
negative value words. 

An examination of the conditions 
under which these experiments were 
performed suggests that four vari- 
ables, primarily methodological in 
character, might account for the dis- 
crepancies in results. These are: (a) 
the punishment and/or threat of 
punishment present when recognition 
thresholds are obtained; (6) the 
discriminability of the items in the 
response pool with respect to their 
affective character; (c) the freedom 
of Ss to respond or not to respond 
after each tachistoscopic exposure; (d) 
the extent of the response pool avail- 
able to S. The present series of exper- 
iments tests the effects of these vari- 


1 This report is based upon a dissertation sub- 
mitted to the Graduate School of the University 
of Wisconsin in partial fulfillment of the require- 
ments for the Ph.D. degree. The author 
acknowledges his appreciation to Professor J. C. 
Gilchrist whose stimulating instruction, encour- 
agement, and rigorous criticism made the investi- 
gation possible. 

2 Now at William Beaumont Army Hospital, 
E] Paso, Texas. 


343 


ables upon syllable recognition thresh- 
olds. 


EXPERIMENT [| 
Method 


This experiment was designed in the form of 
3 X 2 X 2 factorial design to provide informa- 
tion relevant to the first three variables outlined 
above. The first variable, punishment, was 
studied under three conditions: punishment, no 
punishment, and ambiguous threat. Discrimi- 
nability was investigated at two levels: clear dis- 
criminability and moderate discriminability. 
Freedom to respond was also studied at two 
levels: free choice and forced choice. 

Subjects —The Ss were 144 students from 
undergraduate courses at the University of 
Wisconsin. They were recruited on a voluntary 
basis and assigned to the 12 experimental groups 
at random. 

Apparatus.—The apparatus consisted of a 
University of Missouri model memory drum, a 
shocking apparatus, a standard Harvard tachis- 
toscope made by Gerbrands, and multicolored 
reference lists of syllables on which Ss recorded 
their choices. 

The memory drum contained two sets of the 
following disyllables, half in red and half in 
green: 


BAHUF BUXAP 
CEROG CIBUC 

DISEH DECIW 
FOTIJ FAYEL 


Syllable colors were reversed on each list. These 
syllables were selected to be of sufficient length to 
preclude recognition on the first or second expo- 
sure and so that there would be some structural 
similarity between the corresponding sets of four. 
Each of the eight syllables appeared twice in ran- 
dom order on the two lists. 

The shocking apparatus consisted of a tele- 
graph key connected to a Harvard inductorium 
which permitted continuous shock changes, a 
6-v. battery, and an electrode capable of being 
affixed to S’s ankle. 

In order to obviate too early recognition, a 
Polaroid filter which decreased the transmitted 
light by half was inserted in the eyepiece of the 
tachistoscope. A white card containing a small 
rectangle outlinedin black was used for the fixa- 
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tion area of the pre-exposure field. Uniform test 
cards were constructed by having the syllables 
typed in capitals on an electric typewriter. 

Two wooden compartments in the drawer of a 
table on which the tachistoscope rested contained 
a supply of reference slips arranged so that S 
dealt with only one, the top, slip ata time. Each 
slip contained theeight syllables in random order, 
and sets of slips were constructed so that each 
syllable appeared once in each position. The 
slips from these sets were inserted randomly in 
thecompartments. Some of these reference slips 
were printed in red and green and others only in 
blue. Those used depended upon the condition 
under test. Where syllables were to be discrim- 
inably different, only those slips containing the 
syllables in their original red and green colors 
were available to S. Where differences between 
syllables were not to be clearly discriminable, ref- 
erence slips showing all the syllables in blue were 
used. 

Procedure-——Upon entering the laboratory, 
each S underwent a brief visual acuity check. 
He was required to have 20/20 correctible vision 
and also had to be able to discriminate between 
red and green. The S was then seated between 
two tables upon which rested the memory drum 
and tachistoscope. 

The S was told that he was participating in a 
syllable perception experiment and that it would 
be necessary to undergo a slight electric shock. 
He was instructed to depress a telegraph key for 
approximately .5 sec. while Z gradually increased 
the intensity until S indicated his shock thresh- 
old. After he had done so, he was told E would 
continue slowly to increase the intensity while 
S continued depressing the key until the shock 
became painful. The £ then established the 
shock at a level halfway between the threshold 
and the point of pain. This was considered a 
moderate shock. When a strong shock was 
needed for a later phase of the experiment, the 
painful level was utilized. 

After the shock levels had been recorded, S 
was asked to attend to the memory drum and 
was given the following instructions: “Your job 
is to look at the syllables which appear in this 
aperture and give yourself a shock by pressing 
the key every time you see a red (or green) syl- 
lable. Press it the way you did before so that 
the buzz can be heard clearly. Do you under- 
stand? Shock yourself every time you see a red 
syllable. Meanwhile try to learn what the syl- 
lables are and which ones get shocked and which 
ones do not. It is not necessary to try to learn 
the sequence in which the syllables appear. 
Learn them in any way you like so as to be able 
to spell the syllables later. Are there any 
questions ?” 

The S was also asked to report whenever a 


trial was concluded. He viewed one list of 16 
syllables for each revolution of the memory drum 
cylinder. Each syllable was visible for 4 sec., 
and 1 sec. elapsed between syllables. A 20-sec. 
rest interval occurred between trials. Each S 
was exposed to five revolutions of the memory 
drum. Thus, he viewed each of the eight syl- 
lables ten times. 

After completing the familiarization trials, S 
turned to the tachistoscope while E placed the 
shocking key behind a screen away from S. 
All Ss were then given the following directions: 
“Get up as close to the eyepiece as you comfort- 
ably can. The rectangle you see will disappear 
and one of the syllables you have been viewing 
will appear there very briefly. Each syllable 
will be black rather than red or green and each 
may appear more than once. After each expo- 
sure you are to look at the top slip on this supply 
of slips and make a check mark next to the syl- 
lable you think has been exposed. Then spell 
out the syllable, turn the slip over and place it in 
this other compartment. Do the same for suc- 
cessive trials. Are there any questions?” 

The following specific instructions were given 
S whenever appropriate. 

For the punishment condition Ss were told, 
“Now pay attention to this. If the syllable you 
choose is a shock syllable you will be shocked 
again after you have made your choice by check- 
ing it off and spelling it out. But this time the 
shock will be much stronger than before so make 
your choices carefully. The increased shock will 
be demonstrated. (E does so.) Remember you 
will not be shocked for being either right or 
wrong. You will be shocked every time you 
choose a syllable on which you shocked yourself 
before. Are there any questions?” For this 
condition the shocking apparatus was set to the 
previously established pain threshold. 

For the no-punishment condition, S was in- 
structed to remove the electrode after completing 
the familiarization trials, and he was told that 
there would be no additional shock. 

For the threat condition, S retained the elec- 
trode and E said only, “O.K. Now, I’ll handle 
the shocking key.” 

Under the forced-choice conditions, S was 
instructed to choose a syllable after each expo- 
sure. When choices were not forced, he was 
told to check a blank at the bottom of the refer- 
ence slip for each exposure until the syllable 
became recognizable and then to check the cor- 
rect syllable. 

For convenience, the test cards were succes- 
sively rotated and alternated between shock and 
nonshock syllables for each S. (Only 2 of the 
144 Ss were able to detect the alternation when 
asked about it afterward.) One slip was checked 
for each exposure until the syllable being shown 
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was correctly identified. These reference slips 
constituted the primary data of the experiment. 
Recognition thresholds were obtained by count- 
ing the number of slips accumulated for each 
test card exposed. Test cards were exposed in 
an ascending series starting with .01 sec., and each 
successive exposure was increased in duration by 
Ol sec. After a threshold had been obtained for 
each syllable, S was asked to recall as many 
syllables as could be remembered with their 
respective colors. These data were recorded, and 
this completed the experimental session. 


Results 


The summary of the analysis of 
variance performed on the data of 
Exp. I is presented in Table 1. 
Measures used in the analysis were 
the total number of exposures required 
to reach thresholds for all four syl- 
lables of each type. None of the main 
effects was significant beyond the 
Punishment X Choice X Syllables in- 
teraction so the means for this inter- 
action are presented in Table 2. 
Tukey’s gap test (10) was used to 
evaluate the differences between the 
individual means of Table 2 at the 
5% level of confidence. Those means 
not designated by an asterisk reflect 











TABLE 1 
Summary or ANALYsIs oF VARIANCE 
or Exp. I 
Mean 
Source af p mona F p 

Punishment 2} 49.71*| 1.41 
Discriminability 1 1.68*| — 

oice 1 | 741.13* | 21.01) .001 
Syllables 1 | 91.13 | 7.15} .01 
Ss within groups 132 | 35.27 | 2.77) .001 
PxD 2 | 40.45*| 1.15 
a 2] 21.47*| — 
ras 2 1133.58 | 10.49) .001 
DxC 1 | 55.12*| 1.56 
Dxs 1} 19.01 | 1.49 
Cis 1| 25.67 | 2.01 
PxXDxC 2| 26.53*| — 
PxDxS 2 5.56 | — 
Oo eS 2 1102.57 | 8.05) .001 
DxCxs 1 8.69 | — 
PxDxCxsS 2 0.59 | — 
Residual error 132 | 12.74 

















* Tested by Ss within groups. 


TABLE 2 


Mean THRESHOLDS AND ReEsutts oF TuKEy’s 
Gap Test or Punisument X Cuoice 
X Sytiasies Inreraction 





























or Exp. I 
No Forced Forced 
Choice Choice 
Condition 
Shock | Non- | Shock | Non 
Sy, | Syll | ssttce | Spi 
lables bles lables bles 
Punishment 18.7 | 17.9 | 19.5 | 12.8* 
No punishment | 18.2 | 18.0 | 13.9* | 15.3* 
Threat 18.1 | 17.5 | 13.7* | 14.0* 
* Separated as a straggler. 


some remaining variation among them, 
which is significant when tested by the 
F technique of Tukey’s test (p<.001). 

Table 2 reveals that shock syllable 
thresholds are significantly higher 
than nonshock syllable thresholds 
under the punishment condition when 
choices are forced. It should be noted 
that under the conditions of this exper- 
iment, not forcing choices greatly 
alters the character of the impending 
punishment in the direction of making 
it much less formidable. 

Under the no-punishment and am- 
biguous-threat conditions, differences 
between shock and nonshock syl- 
lable thresholds are not significantly 
different. 

Table 1 reveals that the second 
variable of discriminability was not 
effective. There were no significant 
differences in syllable recognition 
thresholds attributable to differences 
in discriminability. 

The third variable, freedom of 
choice, did prove to be effective. 
Table 1 reveals that over-all syllable 
recognition thresholds are significantly 
lower when choices are forced than 
when they are not. This difference is 
statistically significant at the .1% 
level of confidence, but choice is not 
significant when considered apart from 
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its significant interaction. An inspec- 
tion of Table 2 suggests that this is 
because of the punishment condition 
which appears to work at cross-pur- 
poses toit. Under no-punishment and 
threat conditions, forcing choices 
clearly results in lower thresholds. 

No significant differences were found 
in recall of shock and nonshock 
syllables. 


EXPERIMENT II 
Method 


This experiment was designed to provide some 
information about the fourth variable dealing 
with the extent of the response pool. Six addi- 
tional groups of 12 Ss per group under each of the 
three punishment and two choice conditions 
described for Exp. I were utilized. The extent 
of the response pool was increased by the addi- 
tion of four more syllables to those used in the 
first experiment: GEVAK, HIWOL, KUYEN, 
and LOZIM. These syllables were not present 
during the familiarization trials but they did 
appear in blue on the reference slips along with 
the original syllables in red and green, thereby 
allowing Ss greater latitude in their choices. 
Syllable differences were thus discriminably dif- 
ferent, and choices were both forced and not 
forced. 

These particular conditions were selected so 
as to simulate within the context of this experi- 
mental procedure the conditions perhaps present 
in McGinnies’ experiment (7). It is difficult to 
determine whether the instructions to his Ss to 
report whatever they saw after each exposure 
would properly come under the forced or not 
forced condition of the present experimental pro- 
cedure so both conditions were studied. The 
punishment and ambiguous-threat conditions of 
the present experiment can, to some extent, be 


TABLE 3 


Summary or ANALysIs oF VARIANCE oF OPEN 
Ser Data or Exp. II 











Source af oian F ? 
Punishment 21) 48.43* 
hoice 1 |1410.67*| 17.09 | .001 
Syllables 2 | 149.20 |100.13 | .001 
Ss within groups | 66] 82.56 | 70.74 | .001 
rxc 2] 82.51* 
PxS& 4 | 103.18 | 69.25 | .001 
cxs 2 9.88 | 6.63 | .01 
PxCcxs 4 169.36 {113.66 | .001 
Residual error 132 1.49 

















* Tested by Ss within groups. 


considered analogous to the social-psychological 
threat present in McGinnies’ study. 

A syllable recognition threshold was obtained 
on each of the 12 syllables from each of the 72 Ss 
in the manner described previously. The pro- 
cedure of Exp. I was modified only to the extent 
demanded by the inclusion of the additional 
syllables. 


Results 


A summary of the analysis of vari- 
ance for Exp. II is presented in Table 
3. Choice is the only main effect 
which is significant beyond the Pun- 
ishment X Choice X Syllables inter- 
action. This interaction is presented 
in Table 4. The means for all four 
syllables of each type shown in Table 4 
were compared by Tukey’s gap test 
using the 5% level of confidence. 

A t test of the difference between 
means of the shock and nonshock syl- 


TABLE 4 


Mean TureEsHOLps anv REsutts or Tuxey’s Gap Test ror PunIsHMENT X Cuorce X SYLLABLES 
InTeRacTION oF Open Set Data or Exp. II 














No Forced Choice Forced Choice 
Condition 
Shock Nonshock Extra Shock Nonshock Extra 
Syllables Syllables Syllables Syllables Syllables Syllables 
Punishment 22.8* 14.8 17.2* 19.1* 14.8 11.8** 
No punishment an. 22.8* 21.1* 14.3 15.3 14.5 
Threat 20.3* 21.0* 18.9* 15.8 15.6 13.8* 























* Separated as a straggler. 
** Separated by a gap. 
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lables under the punishment condition 
and each of the choice conditions 
shown in Table 4 reveals that response 
suppression occurs significantly only 
when choices are not forced (p<.05). 
When choices are forced, the differ- 
ence between means approaches sig- 
nificance (p<.10). This is something 
of a reversal of the finding of response 
suppression with forced choices in the 
closed set data of Exp. I. When the 
additional syllables are present, Ss are 
able to avoid shock syllables By choos- 
ing either the nonshock or extra syl- 
lables. Since the safe syllables are 
chosen more frequently, the probabil- 
ity is increased that they will be recog- 
nized more readily. This accounts for 
the generally lower thresholds of non- 
shock and extra syllables under the 
punishment condition than under con- 
ditions of threat or no punishment. 
Why the extra syllables should be sig- 
nificantly higher than the nonshock 
syllables when choices are not forced 
and significantly lower when choices 
are forced, is difficult to explain. It 
may be that with forced choices the 
extra syllables are clearly safest; not 
even having been present during famil- 
iarization trials and thus not asso- 
ciated with shock through generaliza- 
tion, they are chosen most readily. 
This process would yield the lower 
thresholds. When choices are not 
forced, Ss may choose the blank as 
often as is necessary to avoid shock, so 
extra syllable thresholds are higher. 
Table 4 again shows very little dif- 
ference between means under the 
threat and no-punishment conditions. 
Attest of the difference between the 
mean of the means in Table 4 reveals 
that the open set means are signifi- 
cantly higher in over-all threshold 
than the closed set means (p<.05). 
One might wonder why thresholds 
for the extra syllables are generally 
lower than those for the nonshock syl- 


lables. This would seem to refute 
existing evidence concerning the effects 
of familiarity on recognition thresh- 
olds, assuming that structural differ- 
ences among syllables may be ignored 
forthe moment. It should be remem- 
bered, however, that two sets of struc- 
turally similar syllables composed the 
original group of eight, whereas the 
extra syllables had no counterparts 
against which they had to be compared 
before being identified correctly. 


EXPERIMENT III 


Gilchrist, Ludeman, and Lysak (2) 
found that both positive and negative 
value lowered word recognition thresh- 
olds in comparison with neutral value. 
On the assumption that the moderate 
shock present during the familiariza- 
tion trials could serve as a positive 
accentuating factor for certain syl- 
lables, it was anticipated that under 
the no-punishment condition, recog- 
nition thresholds for shock syllables 
would be lower than for nonshock syl- 
lables. This did not occur to a signifi- 
cant degree. A possible explanation 
was that the shock syllables had not 
been accentuated sufficiently in the 
familiarization trials. This could be 
done by increasing the number of such 
trials, perhaps increasing the intensity 
of shock up to a point, or by reducing 
the ratio of shock to nonshock syllables. 
The latter method was used as it was 
considered to be the most expeditious. 

A check on the recognition thresh- 
old of each syllable from the data of 
Exp. I indicated that there were sig- 
nificant differences between syllables. 
Therefore, for the present experiment, 
syllable lists were arranged so that 
comparisons between shock and non- 
shock syllables were made only be- 
tween syllables which were equivalent 
with regard to recognition thresholds 
and which were similar in structure. 
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The data obtained from the remaining 
syllables were ignored. 


Method 


Four syllable lists were constructed and affixed 
to the memory drum cylinder as previously 
described. Each list contained the original eight 
syllables twice and arranged in a random order. 
This time, however, only two of the eight syl- 
lables appeared in a color which contrasted with 
the other six. Colors were again red and green. 

Thresholds were obtained under a no-punish- 
ment, forced-choice condition. Reference lists 
with no discriminable differences between syl- 
lables were used since Exp. I indicated that 
syllable discriminability was not a significant 
variable. The original no-punishment instruc- 
tions of Exp. I were given to the 24 Ss recruited 
for the experiment. The experimental procedure 
in all other respects was the same as that already 
described. 


Results 


Recognition threshold totals for the 
two shock syllables and two nonshock 
syllables were obtained for each S. 
The mean threshold for the shock syl- 
lables was 7.17 and the mean for the 
nonshock syllables was 7.33. This dif- 
ference, although in the anticipated 
direction is not significant when tested 
by the ¢ test for correlated measures. 

An inspection of the data of this 
experiment revealed that this trend 
was almost completely neutralized by 
the relatively extreme scores of five 
Ss who showed the opposite result. 
Furthermore, since the criterion for 
recognition was a correct report, irre- 
spective of whether the syllable was 
actually perceived or just chosen as a 
guess, forced-choice factors undoubt- 
edly played a large part in the result. 
Therefore, Exp. IV was undertaken. 


EXPERIMENT IV 
Method 


For this experiment the conditions and pro- 
cedure of Exp. III were Pees except that 
choices were not forced. 


Results 


The mean recognition threshold for 
the shock syllables was 8.67, and the 
mean for the nonshock syllables was 
10.21. This difference, when tested 
by the ¢ test for correlated measures, 
is significant (p<.02). When choices 
are not forced and when shock syl- 
lables are effectively accentuated, sen- 
sitization would seem to occur. 


Discussion 


To summarize briefly, these data have 
shown that under certain experimental 
conditions, punishment in the form of 
electric shock can motivate both in the 
direction of raising visual recognition 
thresholds and in lowering them. 

The former situation provides some 
additional evidence in support of the 
response suppression hypothesis over that 
of perceptual defense. The Ss in Exp. I 
and II under the punishment condition 
were provided with a clear-cut situation 
where the consequences of their choices 
were well defined. That they avoided 
shock syllables and chose nonshock syl- 
lables is not surprising. To have acted 
otherwise would have been, at best, un- 
realistic. It is likely that something of 
the sort went on in McGinnies’ experi- 
ment as well. That his was a punishing 
situation in the psychological sense—the 
forcing of naive Ss to report words like 
bitch and whore—and not merely a threat- 
ening one is suggested by the failure to 
obtain the same results when impending 
shock is merely a faint threat and not an 
actuality. 

Some additional evidence, clearly inter- 
pretable in this same vein, has recently 
been provided by Lacy, Lewinger, and 
Adamson in their study of the effects of 
foreknowledge on perceptual defense (4). 
They find that the more incomplete the 
Ss’ expectations with regard to the nature 
of the words they are to view, the greater 
the discrepancy between taboo and neu- 
tral words. It would appear that when 
Ss are told what to expect, they have less 
reason to suppress responses. The psy- 
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chological climate is structured for them 
and the reporting of taboo words is made 
much less painful. These authors point 
out that their data pose problems for the 
Howes and Solomon theory (4, p. 173) 
in that the theory must now account for 
lower thresholds for taboo words with 
warning, higher thresholds for taboo 
words when seen without warning and 
habituation effects, i.e., the absence of 
the perceptual defense phenomenon with 
successive words. This constitutes a 
problem for the Howes and Solomon 
theory only when the frequency explana- 
tion is cited, but much more cogent to the 
argument is Howes and Solomon’s inter- 
pretation of McGinnies’ results in terms 
of response suppression. This latter con- 
cept adequately accounts for the data 
which Lacy ef a/. present. 

Postman, Bronson, and Gropper (9) 
also report data which indicate that rela- 
tive thresholds for neutral and emotional 
words vary significantly with the pre- 
liminary instructions given to Ss. An 
uninformed group had higher relative 
thresholds for taboo words than any of 
the groups forewarned to expect taboo 
words. These authors conclude that “set 
and selective verbal report contribute to 
the observed threshold differences.”” Re- 
sponse suppression is a form of selective 
verbal report. 

When both aspects of the threshold 
change shown in the present study are 
considered together, i.e., the raised thresh- 
olds for shock syllables under punishment 
and the lowered thresholds when there is 
no punishment, an alternative way of 
accounting for the subception effect is 
also possible. Bricker and Chapanis (1) 
have shown that even incorrectly per- 
ceived syllables convey some information 
to Ss on the basis of which they may be 
able to establish from which class of 
stimuli a certain stimulus comes, even if 
an incorrect verbal response is made. 
They suggest that common recognizable 
elements among the syllables may account 
for the GSR effects Lazarus and Mc- 
Cleary (5) obtained. With regard to 
thresholds, the sensitization effect shown 
in the present datais probably explainable 
on some such basis. If we assume that 


sensitization to shock syllables occurred 
in the Lazarus and McCleary experiment, 
at which time high GSR’s were regis- 
tered, the fact that there were no signifi- 
cant differences in final thresholds leads 
to the further assumption that some sort 
of response suppression occurred as well 
in response to the anxiety engendered by 
the early recognition of the shock 
syllables. 


SUMMARY 


A series of experiments was designed to test 
the effects of punishment, item discriminability, 
freedom of choice, and extent of the response pool 
on syllable recognition thresholds. 

In the face of impending punishment, thresh- 
olds for shock syllables were significantly higher 
than for nonshock syllables (2) when Ss responded 
from a closed set of possible responses with 
forced choices, and (b) when Ss responded from 
an open set with free choices. Under a no-pun- 
ishment condition, when syliables were equated 
for recognizability and chance effects were mini- 
mized, there was some evidence to the effect that 
sensitization to previously shocked syllables 
occurs. 

Under conditions of ambiguous threat, essen- 
tially equal thresholds between shock and non- 
shock syllables resulted. 

Forcing choices generally resulted in lower 
over-all thresholds for both shock and nonshock 
syllables, whereas increasing the extent of the 
response pool resulted in higher over-all thresh- 
olds. 

The degree of discriminability of items with 
respect to their affective character had no signifi- 
cant effect on the syllable thresholds. 

The raised thresholds for shock syllables were 
interpreted as additional evidence favoring the 
response suppression hypothesis over that of 
perceptual defense. This process in combination 
with sensitization was offered as a possible alterna- 
tive explanation of the subception phenomenon. 


REFERENCES 


1. Bricker, P. D., & Cuapanis, A. Do incor- 
rectly perceived tachistoscopic | stimuli 
convey some information? Psychol. Rev., 
1953, 60, 181-188. 

2. Gricurist, J. C., Lupeman, J. F., & Lysax, 
W. Value as a determinant of word 
recognition thresholds. J. abnorm. soc. 
Psychol., in press. 

3. Howes, D. H., & Sotomon, R. L. A note 
on McGinnies’ “Emotionality and percep- 








350 WILLIAM LYSAK 


tual defense.” Psychol. Reo., 1950, 57, 
229-234. 

4. Lacy, O. W., Lewincer, N., & Apamson, 
J.F. Foreknowledge as a factor affecting 
perceptual defense and alertness. /. exp. 
Psychol., 1953, 45, 169-174. 

5. Lazarus, R.S.,& McCuieary, R.A. Auto- 
nomic discrimination without awareness: 
a study of subception. Psychol. Rev., 
1951, 58, 113-122. 

6. McCreary, R. A., & Lazarus, R. S. Au- 
tonomic discrimination without aware- 
ness: an interim report. J. Pers., 1949, 
18, 171-179. 

7. McGrnntzs, E. Emotionality and percep- 
tual defense. Psychol Rev., 1949, 56, 
244-251. 


10. 


ll. 


. McGrnnizs, E. Discussion of Howes and 


Solomon’s note on “Emotionality and per- 
ceptual defense.” Psychol. Rev., 1950, 
57, 235-240. 


. Postman, L., Bronson, W. C., & Groprer, 


G.L. Is there a mechanism of perceptual 
defense? J. abnorm. soc. Psychol., 1952, 
48, 215-224. 

Tuxey, J.W. Comparing individual means 
in the analysis of variance. Biometrics, 
1949, 5, 99-114. 

Warrraxer, E. M., Gricurist, J. C., & 
Fiscuer, J. W. Perceptual defense or 
response suppression? J. abnorm. soc. 


Psychol., 1952, 47, 732-733. 


(Received August 20, 1953) 





aan. fF =—= 42 | FF 


nn Cl lm 


— 1-7 ei ss es Uv FHlCCDO OO Sle SUC 


ao 








Journal of Experimental Psychology 
Vol. 47, No. 5, 1954 


A TEST FOR CONDITIONED INHIBITION 
IN MOTOR LEARNING 


JOHN A. STARKWEATHER AND CARL P. DUNCAN 


Northwestern University 


The Hullian concepts, reactive inhi- 
bition and conditioned inhibition, are 
now used rather widely as intervening 
variables by investigators of motor 
learning (2, 4, 7, 12). Reactive inhi- 
bition (Jz) is likened to a negative 
drive state. It accumulates during 
work, depresses performance, and dis- 
sipates spontaneously during rest. It 
is assumed to underlie in part the 
superiority of distributed practice over 
massed practice, and the gain over a 
long rest following massed practice 
(reminiscence). 

Conditioned inhibition (s/z) is de- 
fined as a habit of resting for which the 
drive is Jz and the reinforcement is 
rest. These are the conditions speci- 
fied by Hull (5). Conditioned inhibi- 
tion, like Jz, depresses performance, 
but as a habit it does not dissipate 
spontaneously over rest, particularly 
during rests as short as the 10-min. 
period often assumed to permit com- 
plete or nearly complete dissipation of 
Tr (3). Asa habit, s/z is presumably 
subject to the laws applicable to all 
habits. 

The several excitatory and inhibi- 
tory variables are assumed to interact 
as follows. Practice builds up reac- 
tion potential (sEr). If Je and slr 
are also developed during practice, 
their sum subtracts from sEp to de- 
press performance. Performance is 
called effective reaction potential 
(sHR); thus we may write: 


sEr = sEr — (Ir + slp). 


If Jz is dissipated over a rest, there 
would still be some depression in per- 
formance resulting from s/z alone. 


In Ammons’ (2) application of this 
to motor learning, s/z (called per- 
manent work decrement by him) is 
defined as the difference between the 
initial postrest performance of two 
groups: a group that prior to the rest 
had worked under massed practice 
(MP) and a group that had worked 
under highly distributed practice 
(DP). The failure of the MP group 
to reminisce to the level of the DP 
group in initial postrest performance 
is assumed to be due to s/pz, and this 
observation defines s/z. Initial post- 
rest performance must be corrected, in 
both groups, for a decrement due to 
the need to warm up after rest. 

The criterion that MP groups do 
not reminisce sufficiently after rest to 
reach the performance level of DP 
groups has been accepted by a number 
of investigators (2, 4, 6, 7, 8, 9, 10, 12) 
as indicating the presence of s/x. 
However, in a discussion of this matter 
with Dr. B. J. Underwood it was sug- 
gested that the observation defining 
slp depends upon the crucial assump- 
tion that during prerest practice the 
same amount of reaction potential is 
developed by the same amount of 
practice, regardless of whether that 
practice is massed or distributed. 
This assumption was explicitly stated 
by one of the authors (9), who has 
reported finding s/ x, and it seems cor- 
rect to say that the assumption was 
an implicit basis of the argument in 
all but one (12) of the studies report- 
ing s/r in motor learning. In all in- 
vestigations, MP and DP groups that 
were to be compared after rest were 
given the same amount of prerest 
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practice. Then, if initial postrest 
performance of an MP group, after 
correction for warm-up decrement, 
was poorer than that of the corre- 
sponding DP group, s/z was inferred. 
The possibility was not considered 
that the postrest difference in per- 
formance might have resulted from 
less sEr being developed in the MP 
group during prerest practice. Was- 
serman (12) also gave equal prerest 
practice to all groups, but-attempted 
to correct for the fact that the DP 
had had more reinforcement before 
rest. By his correction the amount of 
siz was reduced but not eliminated. 

It is not the intention of the present 
paper to suggest that what has been 
called sEz — sl in motor learning is 
merely less sEr, although this alter- 
native, and other criticisms (11), 
should be dealt with before sJz is 
accepted. Rather, we shall show that 
the assumption of s/x leads to a pre- 
diction that is not supported by the 
data to be presented. The argument 
is as follows. 

If the same amount of prerest prac- 
tice develops equal sEr, which in the 
MP group is inhibited by s/ x, then it 
should be possible to compensate for 
the s/r by giving more prerest practice 
to, and thereby developing more sER 
in, the MP group. If the greater 
amount of sEr compensates exactly 
for the s/r, after a rest to permit dis- 
sipation of Jz the performance of the 
MP group should equal that of the 
DP group. In symbols, we should 


have (deliberately produced) after, 


rest: 


sEr (MP) = sEz (DP). 


But according to conditioned inhibi- 
tion theory, 


sEr (MP) = sEpr a slr. 


From this it follows that immediately 
after rest 


sEr (MP)>sEr (DP). 


Now since it is assumed that the 
growth curve of sEp is negatively 
accelerated (5), it follows from the 
above inequality of sE,»’s that incre- 
ments of sEr (MP) will be Jess than 
increments of sEr (DP) for trials 
beyond the point of equal perform- 
ance. This leads to the prediction 
that if both groups practice beyond 
the point of equal performance under 
the same degree of distribution, the 
DP group will eventually surpass the 
MP group. This is the hypothesis to 
be tested in the experiment. 


METHOD 


Conditions.—The procedure was such that by 
giving a greater amount of prerest practice to an 
MP than to a DP group, performance on the 
first postrest trial was the same for both groups. 
This was achieved in the following way. The 
MP Ss were run first. They were first given 15 
distributed practice trials ; throughout the experi- 
ment a distributed trial is 5-sec. work and 25- 
sec. rest. This initial period of distributed prac- 
tice was followed immediately (after the last 25- 
sec. rest) by 5 min. of continuous practice. Time 
on target was recorded every 30 sec. during this 
period of massed practice. This completed the 
work (a total of 375 sec. of practice) for the first 
day. Twenty-four hours later the MP Ss re- 
turned and were given 30 distributed trials. 
The 24-hr. rest should be sufficiently long to per- 
mit complete dissipation of all Jpg developed 
during the 5 min. of massed practice. 

The number of prerest trials to be given the 
DP group was determined by extrapolating, in 
the MP group data, the curve from the initial 
period of distributed practice to the level of per- 
formance on the first postrest trial. It was deter- 
mined by this method to give the DP Ss 30 pre- 
rest trials, each trial 5-sec. work and 25-sec. rest, 
for a total of 150 sec. of practice. This was done, 
following which the DP Ss were given a 24-hr. 
rest and returned for an additional 30 distributed 
trials on the second day. The reason for choos- 
ing a 5-25 work-rest cycle for distributed trials 
was to prevent the accumulation of much Jp, and 
thereby, presumably, to prevent the develop- 
ment of s/z, in the DP group during prerest prac- 
tice. If the work-rest cycle was correctly chosen, 
there should be no reminiscence in the DP group 
after the 24-hr. rest; the results will show that 
this was the case. 

In addition to its use as a basis for extrapola- 
tion, the initial 15 trials of distributed practice 
given the MP group served two other purposes. 
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It permitted matching of the two groups over the 
first 15 trials, and it gave the MP Ss experience 
with distributed practice. Thus, when the MP 
Ss returned on the second day for postrest dis- 
tributed practice, they did not have to practice 
with a work-rest cycle new to them. 

Subjects —Each group consisted of 30 male 
undergraduates enrolled in elementary psychol- 
ogy courses at Northwestern University. Stu- 
dents in these courses are rewarded with one 
point of examination credit for each day’s service 
in experiments. None of the Ss had had previous 
experience with the pursuit rotor. 

A pparatus.—A 60-rpm pursuit rotor provided 
the task. The turntable had a radiugof 14.3 cm. 
The target was a brass disk, .87 cm. in radius, 
set flush with the surface of the table; the center 
of the disk was 7.8 cm. from the center of the 
table. The S pursued the target with a hinged 
brass stylus; the hinge prevented S from staying 
on the target by pressing down on the stylus. 
When the stylus was in contact with the target a 
circuit was completed to two .0l-sec. clocks. 
The clocks alternated in recording every 30 sec. 
to permit E’s recording of time-on-target scores 
for 30-sec. trials during continuous practice. 
During distributed practice the rotor was auto- 
matically timed to run for 7 sec. and stop for 
23 sec. The clocks recorded only during the 








middle 5 sec. of the 7-sec. rotation; thus S could 
not score during the l-sec. periods of acceleration 
or deceleration. 

Instructions.—All Ss were given general in- 
structions on the nature of the task, including 
suggestions and a demonstration of the best 
way to practice. The 5-25 work-rest cycle was 
demonstrated, and they were told there would be 
further instructions between trials later on. 
After the initial 15 trials of distributed practice, 
the MP Ss were told, during the last 25-sec. rest, 
that the rotor would run continuously for several 
minutes. When they came in on the second 
day, all Ss were told that practice on this day 
would be distributed. 

Additional groups.—After the data for the 
original two groups were obtained, a partial 
check upon the results was made by running two 
additional groups of 15 Ss each. The groups 
were treated identically to the first two groups 
except that during the postrest session (the 
second day) they were given 7 min. of continuous 
practice. 

Notation.—Since the first 15 prerest trials of 
distributed practice were the same for all groups, 
they are ignored in the notation. Each group is 
designated by the kind of practice immediately 
before and after rest. Thus Group MP-DP is 
that group given continuous practice immedi- 
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ately before, and distributed practice after, rest. 
In addition, Groups MP-DP and DP-DP, each 
containing 30 Ss, will be called the first pair of 
groups, while those run subsequently (MP-MP 
and DP-MP, 15 Ss each) will be referred to as 
the second pair. 


RESULTS 


Figure 1 shows the performance 
curves for all groups on all trials. In 
the figure, scores are expressed in per- 
centages, thus permitting comparison 
of MP (30 sec.) with DP (5 sec.) trials. 
It may be seen that all groups appear 
to be well matched during the first 15 
prerest distributed practice trials. 
This was supported by statistical anal- 
ysis; there was no significant differ- 
ence, on total score for these 15 trials, 
either between Groups MP-—DP and 
DP-—DP (t = .42), or between Groups 
MP-MP and DP-MP (t = .02). 
Tests for homogeneity of variance re- 
sulted in F’s of 2.05 for the first pair of 
groups, and 1.05 for the second pair of 
groups; neither value is significant. 
For the remainder of the first day’s 
practice, after Trial 15, the typically 
superior performance of DP over MP 
is apparent. 

It will be recalled that it is neces- 
sary for this experiment to show that 
performance on the first postrest trial 
does not differ significantly between 
prerest MP and prerest DP Ss. Table 
1 shows, for both pairs of groups, that 
this provision was met; neither ¢ value 
is significant. Tests for homogeneity 


TABLE 1 


Comparison oF Means (TIME on TARGET) 
DURING THE First TRIAL OF 
Postrest PRAcTICcE 








| 
| 
Mean | 


Group | N tose.) | 


oM t p 








MP-DpP | 30 | 1.81] .13 

















DP-DP | 30 | 1.92) 115 | >>4| -50 
| 

MP-MP | 15 /| 11.89} 1.21 * 

DP-MP 673 50 


15 | 10.77 | 1.14 





TABLE 2 


ANALysis oF CovaARIANCE OF ToTAL TIME oN 
Tarcet Over Aut Postrest TRIALS 








Adjusted 
Source df Mean Square F 


Group MP-DP versus DP-DP 


Between groups 1 860.17 4.50* 
Within groups 57 191.30 : 


Group MP-MP versus DP-MP 


Between groups 1 13406.19 
Within groups 27 1509.09 














8.88** 





* Significant at the 5% level. 
** Significant at the 1% level. 


of variance gave F’s of 1.18 and 1.13 
for the first and second pairs of groups 
respectively, neither significant. Be- 
lief that the comparable performance 
levels of Groups MP—DP and DP—DP 
on the first postrest trial were not 
merely an accident is strengthened by 
the replication afforded by the subse- 
quently run Groups MP-MP and 
DP-MP;; Fig. 1 shows that all four 
groups performed about the same on 
this trial. 

The test of the experimental predic- 
tion is made by comparing postrest 
performance under the same condi- 
tions of groups with differential pre- 
rest conditions. The prediction, based 
on the assumption of conditioned inhi- 
bition, is that, within each pair of 
groups, the prerest MP Ss will show 
poorer postrest performance. Figure 
1 shows that exactly the opposite oc- 
curred; in each pair the prerest MP 
group shows better performance over 
most of postrest practice. Total time 
on target over all postrest trials was 
tested by analysis of covariance. 
Table 2 shows that the difference 
between Groups MP-DP and DP-DP 
is significant at the 5% level; between 
Groups MP-MP and DP-MP the dif- 
ference is significant at the 1% level. 
The measure of initial proficiency was 
the total time on target during the 
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first 15 trials of prerest practice. 
Tests for homogeneity of variance gave 
F’s of 1.14 and 1.20 for the first and 
second pairs of groups respectively, 
neither significant. It is clear that 
under either condition of postrest prac- 
tice the prerest MP Ss show superior 
performance. 


Discussion 


Perhaps the objection most likely to be 
raised to the experiment will be that the 
matching of performance on the first 
postrest trial of prerest MP and DP 
groups is spurious because no correction 
was made for warm-up or loss of set in 
the prerest MP Ss. It has been assumed 
by some (1, 2) that during a long rest 
there is a loss of set in prerest MP Ss. 
On this assumption, performance on the 
first postrest trial, even though it may 
represent a considerable gain over the 
last prerest trial, underestimates the total 
reminiscence gain by a prerest MP group, 
because performance on that trial is 
depressed by the need towarm up. The 
presence of a warm-up decrement is 
presumably indicated by a steep slope in 
the postrest curve for the first few (usu- 
ally two to four) trials, with a subse- 
quently more gradual rise as practice 
continues. It has therefore been argued 
that the true initial level of postrest per- 
formance in a prerest MP group is the 
highest point of the relatively steep por- 
tion of the curve (2). 

If these assumptions concerning warm- 
up were known to be correct, it could be 
argued that the true initial level of post- 
rest performance has been underesti- 
mated for the prerest MP groups in the 
present experiment. Then the superior 
performance over most of the postrest 
period by prerest MP Ss would be no 
problem for the defender of conditioned 
inhibition. He could even argue that the 
performance superiority would be greater 
than that found, were it not for the pres- 
ence of gs[z.' However, objecting to the 


‘Such an argument would, however, be con- 
tradictory. If prerest MP Ss have developed a 
greater amount of reaction potential, then, again 


present experiment on the basis of failure 
to correct for warm-up decrement requires 
more evidence for the assumptions made 
about the warm-up process than exists 
at present. The results on warm-up 
have been quite inconsistent. In a 
recent paper (1) devoted specifically to 
studying warm-up, there was as much 
warm-up in a DP group as in an MP 
group after the first 24-hr. rest. At least 
for the present, our contention that the 
results provide a difficulty for condi- 
tioned inhibition theory cannot be ne- 
gated by an appeal to warm-up alone. 

The question might also be raised as 
to whether s/z extinguishes very rapidly, 
which, if true, would account for the post- 
rest superiority of prerest MP groups. 
For this to be a valid objection, sJz 
would have to extinguish in the first 
few postrest trials to account for the 
results, and in the groups practicing 
under MP after rest, would have to ex- 
tinguish under the same conditions under 
which it is assumed to develop. Actu- 
ally, the whole problem of extinction of 
sIp is somewhat paradoxical in that omis- 
sion of reinforcement (rest) would pre- 
sumably be achieved only under continu- 
ous practice in which S would be pre- 
vented from taking even a “bootleg” 
rest, i.e., a lessening of effort while still 
practicing, which has been assumed (8) 
to be areinforcement forsJr. This does 
not seem feasible. 

We should like now to re-emphasize a 
point made in the introduction to this 
paper. It was pointed out that the oper- 
ations used to define s7z in motor learn- 
ing depend upon the crucial assumption 
that the same amount of reaction poten- 
tial is developed by the same amount of 
practice, regardless of whether practice 
is massed or distributed. It would actu- 
ally be more parsimonious to assume that 
less sEr is developed in the presence of 
Ir, more parsimonious in that one less 
concept (s/z) would be needed to ac- 


because of the assumption that the development 
of reaction potential is negatively accelerated, 
the postrest performance curve of a prerest DP 
group should have a steeper slope than the curve 
for the corresponding prerest MP group. Fig- 
ure 1 shows no evidence for this. 
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count for the failure of an MP group to 
reminisce to the level of a DP group 
after rest. It should be pointed out, 
however, that the results of the present 
experiment do not support an assumption 
that Jz slows the rate of development of 
sEr. To claim this we would also have 
to account for the lack of a difference on 
the first postrest trial. For if the match- 
ing on the first postrest trial indicates 
equal sEr with no s/p, groups practicing 
under the same conditions after rest 
should not differ in performance. This 
was not the case. 

The present paper is not intended to be 
a criticism of the concept of reactive inhi- 
bition. Jp is a fruitful concept but it 
would be even more so if more were 
known about its characteristics. In par- 
ticular, the possibility that Jz decreases 
late in practice, as indicated by Kimble 
and Shatel (10), should be noted. If, 
arguing from their findings, it can be 
assumed that susceptibility to Jr is 
reduced even after a single experience 
with Jp, the differences between the post- 
rest performance levels of each of our 
two pairs of groups are explained. Both 
prerest MP groups did better in postrest 
practice than the corresponding prerest 
DP groups, because the MP Ss were not 
as susceptible to the Jz developed by 
postrest practice. And this effect was 
more striking in the case of the two 
groups working under continuous prac- 
tice after rest, where a large amount ot 
Tr developed rapidly. 

Finally, the present paper is in no sense 
a criticism of the concept of sJp as it is 
used in conditioning. But, as has been 
pointed out elsewhere (11), in motor 
learning the concept is subject to several 
criticisms; no data yet presented provide 
clear-cut evidence for sJz in motor 
learning. 

SUMMARY 


The concept of conditioned inhibition as it is 
used in motor learning was criticized on both 
theoretical and experimental grounds. It was 
shown that conditioned inhibition theory pre- 
dicts that if one group is given massed practice 
and another group given distributed practice 
before a long rest, and after the rest both groups 
practice under the same degree of distribution, 
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late in postrest practice the prerest distributed 
group should be higher, as long as both groups 
had the same initial level of postrest performance. 
In an experiment designed to test this prediction, 
matching of initial levels of postrest performance 
was achieved by giving more practice before rest 
to the massed than to the distributed group. 
The results contradicted the prediction; except 
for the first few trials, the prerest massed group 
significantly exceeded the prerest distributed 
group in postrest performance. It was sug- 
gested that conditioned inhibition has not yet 
been demonstrated in motor learning. 
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WARM-UP IN MASSED AND DISTRIBUTED PURSUIT 
ROTOR PERFORMANCE! 


ABRAM M. 


BARCH 
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Ammons (2) in a theoretical formu- 
lation of warm-up in motor learning 
predicted that the warm-up decre- 

ments shown by a massed practice 
group would first increase to a maxi- 
mum and then decrease as the number 
of practice sessions was increased. 
Adams (1) tested this prediction in an 
experiment concerned with warm-up 
under both massed and well-distrib- 
uted practice conditions. The massed 
group displayed no consistent trend of 
warm-up decrements. 

Because the extent of the distribu- 
tion of practice resulted in absolute 
warm-up losses in performance level, 
Adams was able to utilize two meas- 
ures of warm-up decrement with his 
distributed group: (a) decrement 
method—the difference between the 
performance level on the last prerest 
trial and the first postrest trial; (d) 
initial increase method—the differ- 
ence between the performance level at 
the peak of the sharp initial rise of the 
postrest performance curve and the 
level of the first postrest trial. Both 
measures indicated that the amount of 
warm-up decrement under well-dis- 
tributed practice conditions decreased 
as the number of practice sessions in- 
creased. In addition, these two dif- 
ferent operational definitions agreed 


1 This article is based on a thesis submitted to 
the faculty of the Department of Psychology of 
the State University of Iowa in partial fulfill- 
ment of the requirements for the M.A. degree. 
The writer wishes to express his gratitude to Dr. 
Don Lewis for aid and assistance throughout the 
course of this investigation. 

2Now at the Human Resources Research 
Office, George Washington University. 


quite closely in absolute magnitude as 
well as in trend. 

The failure of the massed practice 
group to display a consistent trend of 
warm-up loss plus the consistent trend 
for the distributed group suggested 
that a reconsideration of the warm-up 
situation might be in order. 

Neglecting the procedure used by 
Ammons for measuring warm-up, only 
two assumptions are necessary for his 
prediction. Assumption 1 (2, pp. 
271 f.) of his system suggests that 
warm-up decrement will increase with 
practice if warm-up decrement can be 
regarded as a loss in “set” (advan- 
tageous postural adjustments) during 
the rest period. “The more practice 
before rest, the more [of these adjust- 
ments | there will be to lose.” As- 
sumption 4 (2, p. 274) indicates that, 
“The more times practice is resumed, 
the easier it will be to warm-up; i.¢., 
there will be learning of ‘methods of 
warm-up.’ ” 

These assumptions can apply to dis- 
tributed practice as readily as they can 
apply to massed practice. The en- 
suing prediction that warm-up decre- 
ments in a well-distributed practice 
group would first increase to a maxi- 
mum and then decrease as the number 
of practice sessions increases appears 
to be contrary to the results obtained 
by Adams. He found a continuously 
declining function. However, his dis- 
tributed group had come near to 
asymptotic performance before a rest 
was introduced in order to measure 
warm-up decrement. Therefore, his 
data might be regarded as comprising 
the decreasing portion of the pre- 
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dicted curve. To check this point, 
frequent measurements of warm-up 
decrements during the early stages of 
acquisition of the motor skill are 
necessary. 

No attempt is made here to predict 
warm-up under massed practice condi- 
tions since it is felt that well-distrib- 
uted practice, not massed practice, rep- 
resents the simpler case. This point 
will be considered more fully in the 
discussion section. 

The purpose of this investigation, 
then, was to study: (a) the change in 
the warm-up loss displayed by a well- 
distributed practice group and a 
massed practice group on a rotary pur- 
suit task as the number of practice 
sessions was increased, and (b) the 
relation between the initial increase 
method and the decrement method of 
measuring the amount of warm-up. 

The expectation was: As the num- 
ber of practice sessions increased, the 
warm-up loss displayed by the dis- 
tributed group would increase to a 
maximum and then decrease. 


METHOD 


Subjects —The Ss were 52 college males. 
They were assigned at random to distributed 
practice (Group D) or to massed practice (Group 
M). The data of three Ss could not be used in 
the results because of apparatus difficulty or 
failure to serve on the last day of the experiment. 
There were 25 Ss in Group M and 24 Ss in 
Group D. 

Apparatus and task.—In order to increase the 
difficulty of the task and thus slow down the 
learning, the Epicyclic Pursuit Rotor with an 
epicyclic target path was used rather than the 
more common Koerth Pursuit-Rotor. This 
pursuit apparatus consists of a large Bakelite 
disk, 14 in. in diameter, and a smaller satellite 
disk, 54 in. in diameter. The satellite disk is 
mounted flush with the large disk and toward the 
outer rim. The outer edge of the satellite disk 
is } in. from the outer edge of the large disk. 
The small disk rotates about a center 34 in. from 
the center of the large disk. The brass target, 
2 in. in diameter, is mounted flush with the small 
disk. The outer edge of the target is } in. from 
the outer edge of the small disk. . 
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Both disks rotate at 40 rpm. During each 
clockwise rotation of the large disk, the satellite 
revolves once in the same direction. Thus, the 
path traced by the target is an epicyclic or some- 
what heart-shaped pattern with the loop of the 
pattern at the point nearest S. The task of S 
was to keep a hinged stylus in contact with the 
target. 

Design and procedure.—Both groups practiced 
30 trials a period for two periods in blocks of six 
trials each with a 5-min. rest period between 
each block. Group D returned for a third prac- 
tice period of only six trials. Forty-eight hours 
intervened between the first and second practice 
period and 24 hr. elapsed between the second and 
third period. Trials were 15 sec. in length. 
Intertrial rests were 45 sec. for Group D and 0 
sec. for Group M. (A 5-min. rest period was 
chosen after inspection of Ammons’ [4 ] curve of 
warm-up decrement as a function of interpolated 
rest. Relatively little difference appeared be- 
tween a 5-min. rest period and the longer rest 
periods.) 

Two Ss served at the same time. The Ss in 
Group D alternated after every trial; Ss in 
Group M alternated after each block of trials. 
The Ss in both groups sat in a rest booth just 
outside the experimental booth and read maga- 
zines during the rest periods. During a block of 
trials the nonperforming Group D Ss stood just 
outside the experimental booth. No smoking 
was allowed and Ss could not observe perform- 
ance of the partners. This procedure of requir- 
ing Ss to leave the experimental booth as fre- 
quently as possible was designed to force them to 
make postural adjustments. 

A red warning light was presented 3 sec. 
before each trial or block of trials. The S then 
picked up the stylus, placed it on the target, and 
prepared to commence tracking. 

The pattern of movement of the target and 
the manner in which the stylus was to be held 
were demonstrated to Ss. The Ss were told 
that their score would be the total amount of 
time that their stylus was in contact with the 
target during a trial period. 

Recording and timing.—Time on target was 
recorded for the last 14 sec. of each 15-sec. trial. 
This procedure duplicates Adams’ (1) use of a 
free revolution. Two clocks were used to record 
the scores of Group M. Readings for both 
groups were taken to the nearest .0l sec. Pres- 
entation of the warning light, trials, and inter- 
trial rests was completely automatic. The 5-min. 
rest periods were timed by stop watch. 


RESULTS 


Figure 1 shows the amount of warm- 
up for Group D after the various rest 
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REST PERIOD AFTER WHICH WARM-UP 
WAS MEASURED 


Fic. 1. Comparison of the decrement and the initial increase methods of measuring warm-up 


losses of Group D 


periods as measured by the initial in- 
crease method and the decrement 
method. Except for the first point 
of the curve, the two methods gave 
similar results. The value obtained 
after the first rest period by using the 
initial increase method was probably 
affected by the rapid increase in pro- 
ficiency at that point and did not truly 
represent a recovery or relearning 
process. 

The general trend of the two curves 
in Fig. 1 was an increase to a maxi- 
mum and then a decrease; however, a 
statistical test was needed for a more 
rigorous determination. 

A simple analysis of variance of 
repeated measures (6) was used to test 
the hypothesis that the mean amount 
of warm-up associated with each rest 
period throughout the experiment was 
the same for all the rest periods. This 
hypothesis was rejected at beyond the 


5% level of confidence for the decre- 
ment method (fF = 2:06 for 9 and 207 
df) and at beyond the 1% level for the 
initial increase method (F = 2.78 for 
9 and 207 df). Table 1 provides a 
summary of the analysis for the initial 
increase method. 

With the decrement method, the 
amount of warm-up obtained for the 
eighth rest period was significantly 


TABLE 1 


ANALYsIs OF VARIANCE OF AMOUNT oF WARM- 
Up ror Group D arTer THE VARIOUS 
Rest Periops 
(Intt1aL Increase MeEtuHop) 








Mean 
if Sum of F 
Squares 


Source 





| 
Warm-up occasions | 9 2.99 2.78** 


Between Ss 23 1.08 
Remainder 207 1.07 
Total 239 











** Significant at the 1% level. 
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greater than the values obtained for 
the first, second, and third rest periods 
at beyond the 1% level and at beyond 
the 5% level for the value obtained for 
the seventh rest period. The amount 
of warm-up obtained for the ninth rest 
period was significantly greater than 
the amounts obtained for the first and 
third rest periods at beyond the 5% 
level. None of the other comparisons 
yielded significant results. Thus, al- 
though the decrement method indicated 
that the amount of warm-up increased 
reliably as the number of practice ses- 
sions increased, it did not give a reliable 
decrease in the amount of warm-up 
after the maximum was reached. 

The initial increase method gave 
results more in line with the stated 
expectation. The amount of warm-up 
obtained after the eighth rest period 
was significantly greater than the 
amounts obtained after the second, 
third, seventh, and tenth rest periods 
at the 1% level and after the fifth rest 
period at the 5% level. There was 
evidence, then, for a reliable increase 
to a peak and a reliable decrease after 
that peak. 

The hypothesis that the warm-up 
decrements for Group M were the 
same after all rest periods could not 


be rejected at the 5% level (F = 1.11 


for 8 and 192 df). 


Discussion 


The expectation that the amount of 
warm-up in Group D would increase to a 
maximum and then decrease as the num- 
ber of practice sessions was increased 
received considerable support. More 
practice was probably necessary to yield 
a reliable decrease, after the maximum, 
with the decrement method. 

It was unfortunate that the only rest 
period indicating a significant decrease 
from the point of maximum warm-up 
loss, the tenth rest period, was 24 hr. in 
duration rather than 5 min. ‘This rest 
period was added merely for the purpose 


of providing an additional rest period to 
use in the warm-up curve for Group D. 
However, whatever evidence we have on 
warm-up loss as a function of length of 
rest (3, 4) indicates an increase in warm- 
up decrement with increased rest, not a 
decrease. 

The initial increase method, as is 
shown by the large value obtained for the 
first warm-up occasion, has a weakness in 
the very early stages of practice. When 
the performance level is increasing rap- 
idly, it is possible to obtain an “‘initial” 
increase that extends through the entire 
block of trials. Later studies using this 
method will probably find it advisable to 
use a control group that continues prac- 
tice without the introduction of the long 
rest. 

The agreement found by Adams be- 
tween the initial increase and the decre- 
ment methods of measuring warm-up was 
apparently not a coincidence. Although 
the absolute values derived by the two 
methods differed, the general trend (ex- 
cept for the first point) was the same. 

No reliable trend of warm-up loss was 
predicted for Group M and none was 
found. This added some weight to the 
claim made in the introduction that well- 
distributed practice, not massed practice, 
represents the simpler case for the study 
of the warm-up phenomenon. Massed 
practice, meaning practice without inter- 
trial rests, appears to introduce several 
complicating factors. For onething, there 
is a marked difference between the last 
prerest trial of a massed practice group 
and the early postrest trials in terms of 
the stimulation (both kinesthetic and 
motivational) furnished by S. During 
the last prerest trial S was performing 
with an accumulation of inhibitory poten- 
tial; during the early postrest trials he is 
not. In addition, reminiscence may in- 
teract with the warm-up process in some 
way. 

Readers desiring additional experimen- 
tal support for the present results may 
apply the two methods of measuring 
warm-up to the performance curves for 
massed and distributed pursuit rotor per- 
formance in a recent study by Kimble 
and Shatel (5), which appeared after the 
present study was completed. 
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SUMMARY 


Warm-up decrement was studied in the per- 
formance of a massed and a well-distributed 
practice group in an epicyclic pursuit rotor task. 
Warm-up was measured by the extent of the 
sharp initial rise in the postrest performance 
(initial increase method) or by the difference 
between the performance level on the last pre- 
rest trial and on the first postrest trial (decre- 
ment method). The initial increase method 
indicated that warm-up under distributed prac- 
tice conditions increased to a maximum and 
then decreased as a function of the number of 
practice sessions. The decrement method indi- 
cated only a reliable increase in the amount of 
werm-up as the number of practice sessions 
increased. No reliable trend for warm-up was 
obtained for the massed practice group. 
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TWO PROCESSES IN PERCEPTUAL LEARNING! 


FRANKLIN P. KILPATRICK 


Princeton University 


It can be stated categorically that 
learning plays a role in visual space 
perception, even though there is con- 
siderable disagreement concerning the 
importance of that role. The author 
has placed extreme emphasis on the 
side of learning (e.g., 8, 9, 10) in con- 
trast to some other views (e.g., 3, 11, 
12, 13). Perhaps, though, it would 
prove profitable to lay aside, at least for 
a time, the question of “how much?” 
and pay a bit more attention to the 
question of “how?” 

Work with monocular distorted 
rooms designed by Adelbert Ames, Jr. 
(6) has led the author to the formula- 
tion of certain notions concerning pos- 
sible learning processes involved in 
visual space perception. Such rooms 
were built originally as an empirical 
test of a limited case of the hypothesis 
of equivalent configurations, that is, 
for the case of a three-dimensional 
object monocularly observed (7). A 
monocular distorted room is nonrec- 
tangular, but built in such a way that 
each part of the room subtends the 
same visual angle at the nodal point 
of an eye placed at the chosen obser- 
vation point as would the correspond- 
ing part of a particular rectangular 
room (reference room) observed from 
the same point. If this prescription is 
followed, the stimulus pattern on O’s 
retina will be the same for the dis- 
torted room, of whatever shape, and 


1 The research reported in this paper was sup- 


ported by the Office of Naval Research as a por- . 


tion of a larger project initiated by the Profes- 
sional Division, Bureau of Medicine and Sur- 
gery. However, the opinions expressed are the 
author’s, and should not be construed as repre- 
senting the opinions or policy of the naval 
service. 


the undistorted reference room, except, 
of course, for very slight differences 
due to unavoidable defects in con- 
struction and inability to place O’s eye 
exactly at the prescribed observation 
point. Viewed by a naive O with one 
eye from the prescribed location, such 
distorted rooms are perceived as being 
like the reference room, that is, “nor- 
mal” or very nearly “normal” in shape. 
Sloping walls are seen as vertical, slop- 
ing floors and ceilings are seen as level, 
and windows of different sizes and 
shapes are seen as being alike. Ap- 
parently no amount of time spent in 
just looking at such a static configura- 
tion has any effect in altering the way 
in which it is seen. However, and 
this is the important point for the 
purposes of this paper, O can learn to 
see more and more of the distorted 
shape of the room, even though the 
stimulus pattern on his retina remains 
unchanged. 

Occurrence of this learned alteration 
in visual space perception was first 
noted in connection with the behavi- 
oral testing of O’s perception of a 
distorted room. The O is given a 
wand and asked to touch various parts 
of the room while keeping his eye at 
the observation point; he is initially 
unsuccessful in his efforts. His actions 
are those which would work in an un- 
distorted room, and are in accord with 
the verbal reports of how the room is 
seen. Gradually, however, as he con- 
tinues to act with the wand and to 
experience the consequences of his 
actions, he becomes increasingly suc- 
cessful in touching various parts of 
the room. More important, Os re- 
ported that concurrent with this expe- 
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rience, there was an alteration of the 
appearance of part or all of the room 
in the direction of its true shape. 
These initial findings were substanti- 
ated by several hundred observations 
in undergraduate laboratory classes 
and elsewhere. 

Hoffman (4) was the first to deal 
with and measure the phenomenon in 
controlled experiments. His findings 
verified the earlier observational re- 
sults, and showed further that the 
perceptual alteration was gradual and 
tended to increase with added practice, 
at least within the limits of the rela- 
tively small amounts of practice his 
Os had.? In this experiment, distorted 
rooms were used as a means of obtain- 
ing evidence concerning two theoret- 
ical formulations in the area of learn- 
ing in visual space perception. 


STATEMENT OF THE PROBLEM 


It was briefly suggested in an earlier 
paper (7) that the perceptual modifi- 
cation that occurs in the distorted 
rooms involves at least two learning 
processes, overlapping and affecting 
one another, but logically and perhaps 
experimentally distinguishable never- 
theless. 

Reorganizational learning.—The first 
process is one in which an unconscious 
reweighting of visual cues occurs. Un- 
avoidably present in every such room 
are cues that we are able to perceive 
in ways not in harmony with the 
dominant percept; thus they have the 
potential of functioning as “give- 
away” cues. These cues, which “give 
away” to some degree the distortions 
present in the room but are not at first 


? It should be noted that, so far as the author 
knows, no one has practiced sufficiently long to 
see the full, true shape of the distorted room. 
Perhaps it could be done, but at present the only 
evidence is for varying degrees of modification 
of perception in the direction of the true shape. 


utilized, are given greater and greater 
weight as the incompatibilities between 
the original percept and the conse- 
quences of the practice continue to be 
registered, with the result that changes 
in the apparent shape of the room 
occur. The cues referred to are those 
which are present because of minor, 
and almost impossible to correct, de- 
fects in construction, lighting, place- 
ment of O’s eye, etc.; also, of course, 


they may be deliberately introduced. _ 


Probably “reorganizational learning” 
is not the ideal name for this process, 
but it does suggest that what is 
learned is a new way of organizing 
into a whole the complex of previously 
established cue-percept relationships. 
It is the usual explanation offered for 
perceptual modification such as that 
in the distorted room, and probably 
few people would argue that such a 
process does not occur. 

Formative learning.—The second 
process, which we shall call “formative 
learning,” is, however, far more crucial 
than the first in terms of perceptual 
theory. It is believed to consist of an 
actual learned alteration in the way in 
which a given stimulus pattern is per- 
ceived, a new perception which is not 
dependent on the utilization of give- 
away cues. It is a learning process in 
which the perception of the basic con- 
figuration related to that particular 
distorted room, the reference room, or 
equivalent distorted rooms of any 
shape, is modified. Reorganizational 
learning shakes up and rearranges the 
marbles in the bag; formative learning 
puts new marbles in the bag, and, if 
we are correct in our view, explains 
how most, if not all, of the marbles got 
in the bag in the first place. 

From this two-process theory cer- 
tain deductions concerning perceptual 
learning in distorted rooms may be 
made and tested as a means of check- 
ing the adequacy of the theory. If 


} 
} 
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one had two or more equivalent rooms 
of different shapes and O were given 
sufficient training at one of them 
(Room 1) to perceive to some degree 
its true shape, and were then trans- 
ferred to an equivalent room of an 
entirely different shape (Room 2), one 
would expect the following: 


a. If the only learning that took 
place was reorganizational, that is, 
dependent on give-away cues, there 
would be no transfer of the newly 
learned percept from Room 1 to Room 
2, because no give-away cues to the 
Room 1 shape could be available in 
Room 2. Thus, Room 2 would be 
seen as normal after the Room 1 
learning. 

b. If, on the other hand, as the 
theory states, formative learning is 
also involved, there should be some 
transfer of the newly learned percept. 
That is, one would expect Room 2 to 
be seen as “normal” no longer, but to 
be seen at least to some degree as being 


shaped like Room 1. 


The major purpose of this experi- 
ment was to show, if possible, that 
formative learning does occur in visual 
space perception. 

A second problem in theory was in- 
cluded in the experiment since a rough 
check on its adequacy could be in- 
cluded without much trouble. This 
second problem is concerned with the 
role of action. The author (8, 9) and 
others (1, 2, 5) with a similar point of 
view have stated that actions and 
their consequences are instrumental in 
the “construction” of what we see. 
What exactly is meant by action has 
not been well specified, but the impli- 
cation has always been, probably in- 
tentionally, that it means gross, overt 
bodily activity, the doing of some- 
thing. This implies that one’s percep- 
tion of a distorted room would remain 
unmodified, or very nearly so, if he 
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Fie. 1. 


The cubical “normal,” or N room; 
caster-mounted chair with face piece in place 
against the front panel 


merely observed the room’s interior 
while someone else carried out the 
prescribed action, such as feeling 
around the interior of the room with a 
wand. Of course, O would not be 
completely inactive under these con- 
ditions. There would be eye move- 
ment and minor bodily adjustments, 
but generally speaking his activity 
would be minimized to an extent that, 
on the basis of theory as stated, the 
author would be forced to predict that 
little or no perceptual learning would 
occur under such circumstances. 


MeEtTHOD 
Apparatus 


The basic apparatus consisted of three rooms 
designed to be monocularly equivalent, two of 
them distorted and one a 4 X 4ft. cubical room 
(the “normal” or N room). One of the distorted 
rooms is larger on O’s left than on his right (the L 
room), and the other is larger at the top than at 
the bottom (the T room).? In constructing the 
three rooms used in this experiment great care 


Construction drawings are contained in (5). 
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was taken to eliminate nonequivalent visual cues 
such as grain in the wood, nail or screw heads, 
shiny reflecting surfaces, etc. The interiors were 
painted a flat gray with the exception of the 
window panels, which were painted a flat black. 
Plywood panels were placed over the fronts of 
the rooms. The rooms were arranged in a 
blacked out experimental room so that their 
fronts formed a U, the distorted rooms facing one 
another, and the front of the N room forming the 
bottom of the U. 

Lighting for each room was from a number of 
7-w. bulbs placed inside the room along the top 
of the front panel, above O’s head and out of his 
visual field. Extreme care was taken to equate 
the brightnesses of all parts of each room, and 
to equate the rooms with each other. 

An armless straight-back swivel chair on 
casters, on which O sat straddling the seat and 
facing the back of the chair, was provided. A 
face piece at the top of the chair back provided a 
means of guiding O’s face to the observation posi- 
tion and of preventing undue head movement. 
In the front panel of each room an oval opening 
was cut that was just large enough to admit O’s 
nose and allow him to observe the interior of the 
room with the right eye when his nose was as 
far down and to the left as it would go. This 
use of a nose rest permitted more accurate place- 
ment of the eye than would a chin rest. Since 
these observation holes were at the same height 





Fic. 2. The left-distorted or L room, with the 
spotlight in place 
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Fic. 3. The top-distorted or T room, with the 
front panel removed 


in each of the rooms, a single adjustment of the 
face piece sufficed for all. Thus O could be 
moved from room to room while seated on the 
chair, and in each case simply putting his face 
back in the face piece insured the proper obser- 
vational position. 

The L room, which was to be the practice 
room, was provided with some additional equip- 
ment. A number of sponge rubber balls, cov- 
ered with scotch tape so as not to mark the inte- 
rior of the room when thrown against the walls, 
were provided. A small spotlight on a swivel 
was pointed into the room through a hole slightly 
to the left and above the observation hole. It 
was placed as near to the observation point as 
possible so that the alteration in the visual angle 
subtended by the spot as it was aimed at various 
parts of the room would be very little from O’s 
point of view. This spot of light, about 3 in. in 
diameter when the spotlight was aimed at a point 
directly opposite the hole into which it was 
inserted, served as a target at which to throw the 
balls. A light bamboo wand 4 ft. long and cov- 
ered with several thicknesses of flannel at one end 
was also provided. In addition, most of the 
bottom third of the front panel was cut out to 
permit both O and E to have free access to the 
interior of the room with their hands. 

A tape recorder was also used. 


Observers 


The Os were 12 young adults, 10 males and 2 
females, all with normal vision without glasses. 


Procedure 


Equivalence testing.—In order to be sure that 
any distortions in appearance of the rooms fol- 
lowing the learning sessions could be attributed 
to learning, it was necessary first to establish for 
each O that the L, N, and T rooms were, in fact, 
equivalent and all seen as “normal” under the 
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prescribed conditions. This was done through 
equivalence testing conducted immediately prior 
to the learning sessions for each O. 

The O first was shown line drawings of the L, 
T, and N rooms, and their shapes were fully 
described. He was told that he would be seated 
in a chair and moved from room to room, that 
he would be given two looks at each of them, and 
that his task in each case was simply to identify 
the room as L, N,orT. Then a mask was placed 
over his left eye, he was led with his eyes closed 
into the blacked out experimental room, seated 
in the chair, and given two 10-sec. looks at each 
of the three rooms, the order of these six looks 
being randomly determined. Following the 
viewing and attempted identification, he was 
asked to describe how the rooms looked and, if he 
had felt he could tell them apart, the ways in 
which they looked different. 

The results show that the rooms are seen as 
normal and are monocularly equivalent under the 
prescribed viewing conditions ;‘ thus, any differ- 
ent results following a learning session may be 
treated as change in perception, provided one 
trusts O’s reports in both instances. Of the 72 
room identifications, 51 were incorrect and 21 
were correct. This is just slightly worse than 
chance. Of the 21 correct identifications, 15 
were of the N room; this is not surprising in view 
of the fact that all 12 of the Os stated after 
viewing that the rooms all looked alike, that is, 
quite normal. In fact, almost half of the Os 
either “gave up” or else disbelieved £, three 
responded “normal” all six times and two others 
did so five times in spite of having been told in 
advance that they would view each of the three 
rooms twice. The L room was correctly identi- 
fied four times, twice by the same O. He stated, 
however, that he was just guessing and that it 
looked normal. The T room was correctly iden- 
tified only twice, and then by different Os. 

The learning sessions.—All learning sessions 
were conducted at the L room, and consisted of a 
number of throws of the ball at the spot of light 
at various locations on the back wall, and of 
tracing the outline of the back wall four times 
with the wand. Half of the Os, the action group 
(Group A), tossed the ball and manipulated the 
wand themselves. The other half, the no-action 
group (Group NA), merely observed the interior 
of the L room while £ or his assistant threw the 
ball or handled the stick. The O was asked to 


4 As far as the author knows, this is the first 
time that the equivalence of monocular distorted 
rooms has been demonstrated in a controlled 
experiment. The equivalence of binocular dis- 
torted rooms was experimentally verified and 
reported in a paper by Ittelson and Kilpatrick 
(7). i 
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call out “hit” when he saw the ball hit the spot. 
This was not done for data purposes, but simply as 
a device to maintain O’s interest and motivation. 

There were four learning sessions separated 
by rest periods of about 2 min. Immediately 
after each learning session, O was asked to 
observe and describe the interior of one of the 
three rooms: the L room after Session 1, the L 
room again after Session 2, the N room or the T 
room after Session 3, and the remaining room 
after Session 4. Half of the Os saw the T room 
after the third session and the N room after the 
fourth; for the other half the order was the 
reverse. All assignment to groups and orders 
was random. 

Room descriptions were elicited in a standard 
way with the question, “please describe the shape 
of the room as you see it, that is, not how you 
might guess or know it to be, but how you actu- 
ally see it.” It was desired that every O describe 
at least the back wall, the windows in the back 
wall, the floor, and the ceiling, so omissions were 
filled in with questions in the form, “how does 
(the back wall) look to you?” All instructions, 
questions, and answers were tape recorded and 
transcribed verbatim for analysis. 

When the Os were moved from the L room to 
one of the others, they knew they were being 
shifted to either the N or the T room, but not 
which one. 

The four learning sessions differed only in the 
ball throwing; in Session 1 there were five throws 
at each of five positions of the spot, in Session 2 
there were five throws at nine positions, in Ses- 
sion 3 there were three throws at nine positions, 
and Session 4 was the same as Session 3. 

Postexperimental interview.—Following the 
final observation, O was asked to discuss the 
nature of his experiences, particularly any alter- 
ations in what he saw and any discrepancies that 
he felt existed between what he saw and what 
he otherwise judged to be so. This material 
also was tape recorded and transcribed. 


RESULTS 


The main results of the experiment 
are summarized in Table 1. Of the 
six Os in Group A, five reported modi- 
fication in the appearance of the L 
room after the first learning session. 
All six reported such modification for 
the L room after the second session. 
There were marked individual differ- 
ences in both amount and type of 
change reported, but in all cases the 
change was in the direction of the true 
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TABLE 1 


Reportep CHANGES IN APPEARANCE OF THE THREE Rooms AFTER LEARNING SESSIONS FOR THE 
Action Group (N = 6) anp THE No-Action Group (N = 6) 





Reported Room Appearance 





Condition of Observation 


A Group NA Group 








No Changed in One No Changed in One 
Change or More Aspects Change or More Aspects 
L room 
After Ist learning session 1 5 2 4 
After 2nd learning session 6 6 
Transfer 
At the N room 1 5 2 4 
At the T room 6 1 5 

















shape of the room. All six reported 
seeing to a marked degree the slope of 
the floor, and five of the six reported 
additional changes, such as the slope 
of the ceiling, the shape and slant of 
the back wall, the difference in size 
and shape of the two windows in the 
back wall, etc. 

These alterations in appearance car- 
ried over to both the N and the T 
rooms,® according to Os’ reports, for 
five of the six Os in the case of the N 
room, and for all six in the case of the 
Troom. Both the N and the T rooms 
were seen, at least to some degree, as 
having the shape of the L room, with 
only a single exception. In9 ofthe 11 
instances in which there was such 
carry-over, the Os said that they saw 
slightly less of the L-room appearance 
at the N or T rooms than they had at 
the L room, but that it was clear 
and unequivocal nevertheless. In the 
other two instances no reduction in 


5 Perhaps it’ should be pointed out that this 
phenomenon is not at all analogous to classical 
figural aftereffect. The “transferred” configu- 
ration is not different, “compensatory,” or 
“opposite,” but is, to the degree that transfer 
occurs, like the learned configuration. In addi- 
tion, visual fixation is not involved. Satiation 
or statistical theories of figural aftereffect should 
not be invoked as explanations for this phe- 
nomenon, as they clearly do not apply. 


perceived L-room shape was reported. 
In Os’ reports the N and T rooms were 
described as looking as though the 
floor sloped down to the left, and in 
most cases one or more other L-room 
appearances such as ceiling sloping up 
to the left, back wall receding to the 
left, etc. were described. 

A few illustrative excerpts from the 
protocols follow. 


1. Observer C. S. viewing N room after’Learning 
Session 3: 


E. How does the floor look? 

O. It looks as if it slants down to the left. 

E. How does the ceiling look? 

O. It slants up to the left some. 

E. How about the windows? 

O. The left window of the center panel looks 
larger and like it is slanting down to the left on 
the bottom. 

E. Anything else you can tell me about the 
appearance of the room? 

O. Well, I think it does give the appearance 
of being like the room that slants to the left, 
quite a lot. 


2. G. S. viewing the T room after Learning Ses- 
sion 3: 


E. How does the floor look? 

O. The floor seems to tilt down toward the 
left. 

E. How about the ceiling? 

O. The ceiling tilts up and to the left. 

E. How about the back wall? 

O. It seems to slant quite a little bit. Back 
to the left. 
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3. P. B. viewing the N room after Learning Ses- 
sion 4: 


O. Well, the floor slopes down towards— 
down towards the bottom left-hand, you know, 
the far left-hand corner. Again the corner up 
at the right looks closer to me than the corner 
at the left and it looks shorter than the corner at 
the left. The ceiling looks like it’s going up 
towards the left-hand side. 


The results for Group NA were sub- 
stantially the same as for Group A. 
Four of the six Os reported alterations 
in the appearance of the L room after 
Learning Session 1, and all six did so 
after Learning Session 2. Four of the 
six reported carry-over to the N room, 
and five of the six to the T room. 
However, these results plus a com- 
parative examination of the protocols 
strongly suggest that the perceptual 
alteration was slightly less in speed 
and amount and that there was some- 
what less carry-over to the N and T 
rooms than for Group A. 

The replies to questions in the post- 
experimental interviews provide con- 
vincing evidence that Os experienced 
marked changes in visual space per- 
ception and reported what they saw. 
Here is an example that is perhaps 
more concise than most, but otherwise 
typical. 

O. It progressively got more distorted as the 
experiment wenton. I could tell some difference 
in the back wall and in the ceiling and floor. The 
ceiling seemed to be the slowest to come along, 
though. It seemed to be normal for quite a time 
there and then I began to see a difference—it 
began to slope, I think, upwards and to the left. 


E. This is an actual change in how it looked? 
O. That’s right. 


The evidence obtained in this expe- 
riment would seem to point to several 
rather clear-cut conclusions. 


1. Marked alterations in visual 
space perception did occur as a conse- 
quence of the learning sessions. Every 
O did learn to see the L room in more 
nearly its true shape even though the 
stimulus configuration presented to 
his eye remained unchanged, thus con- 
firming earlier findings. 
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2. This perceptual learning tends to 
increase with increasing amounts of 
practice in this situation. 

3. The almost unanimous carry- 
over of the newly learned percept to 
both the N and the T rooms provides 
strong confirmation for the basic 
hypothesis that formative learning 
does occur. The Os did learn to see 
differently the basic visual configura- 
tion related to all three rooms, inde- 
pendently of give-away cues. We 
may infer that any properly con- 
structed room based on the same ref- 
erence room would have been seen the 
same way, regardless of its actual 
shape. 

4. The evidence that the carry-over 
from the L room to the N and T 
rooms was not complete suggests that 
give-away cues functioning below the 
level of awareness also played a role 
in the learning. It seems likely that 
reorganizational learning did occur in 
the L room, but the cues on which it 
depended were not available in the N 
and T rooms. Only give-away cues 
to the N or the T shapes would be 
available in those rooms. Also, the 
protocols provide some evidence that 
the learning sessions resulted in a gen- 
eralized increase in the saliency of 
give-away cues, not only for the L 
room, ‘but for the other rooms as well. 
These factors would work against the 
carry-over of the newly learned per- 
cept. 

5. Thenotion that gross overt action 
is necessary for such perceptual modi- 
fication to occur is clearly wrong. The 
amount of action indulged in by Group 
NA was at a minimum, yet there was 
very little less perceptual learning 
than in Group A. A more adequate 
formulation of the role of action in 
perceptual learning is called for. 


Discussion 


It would be easy to speculate at length 
concerning the significance of these find- 
ings and conclusions for perceptual learn- 
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ing in general. However, it is felt that 
much more evidence is needed before any 
such ambitious project is undertaken. 
This discussion will be confined to a very 
few notions concerning reorganizational 
and formative learning, the role of action 
in perceptual learning, and the use of the 
distorted rooms in the controlled study of 
factors involved in learning in visual 
space perception. 


It appears probable that both the reor-] 


ganizational and formative processes are 
at work in almost any instance of per- 
ceptual learning; however, the formative 
process may be thought of as more funda- 
mental in the sense that it is the one on 
which the expansion and development of 
our perception of our world depends. If 
we consider perceiving as acting, as 
responding, then we might say that reor- 
ganizational learning is simply the re- 
shuffling of old previously learned re- 
sponses; formative learning is the acquir- 
ing of new ones. Of course, the matter 
is not this simple, as there is no doubt an 
intimate and complex relationship be- 
tween the two processes so that they 
affect one another differently under dif- 
ferent circumstances. Perhaps if give- 
away cues are sufficiently available to 
permit an adequate and stable perceptual 
reorganization to be arrived at easily and 
quickly, formative learning related to the 
basic configuration may not occur be- 
cause it becomes unnecessary. On the 
other hand, when the reorganizational 
process occurs to some degree but not 
enough to provide such adequate reor- 
ganization, it probably facilitates forma- 
tive learning through helping to stabilize 
the learned modification as it occurs. 
~ Implicit in the above is the suggestion 
that formative perceptual learning is 
gradual and not subject to sudden shifts; 
for it, continuity is the rule. Reorgani- 
zational learning, on the other hand, 
probably proceeds in sudden shifts. A 
hitherto unutilized cue becomes effective, 
with a consequent sudden alteration in 
perception. Reorganizational learning 
need not give the impression of discon- 
tinuity since the shifts may be so small 
as to conceal their nature; but it may 
do so, as in the case of hidden pictures, 
the rotating trapezcid (1), etc. 

Let us turn now to the problem of the 


role of action in perceptual learning. A 
more adequate formulation might be that 
some degree of perceptual modification 
occurs whenever certain aspects of the 
total process of perceiving are out of 
harmony with others in terms of carrying 
out some purpose, and this means both 
across modalities and within a single 
modality. Action merely serves the func- 
tion of bringing the organism into contact 
with the cues that give rise to the dis- 
harmony; if the cues are made available 
in other ways, e.g., through the actions 
of others, the conditions necessary for 
perceptual learning will have been ful- 
filled. One might also add that probably 
the modification generally tends toward 
an organization which has more func- 
tional value in the sense of providing a 
better bet based on experience about 
“what happens next.” 

It should be pointed out that this refor- 
mulation does not appreciably diminish 
the importance of the role of action in 
perceptual learning. Apparently percep- 
tual learning requires that a relevant set 
of sequential events be set in motion in 
such a way that successive impingements 
on the learning organism will be attended 
to and related over time to one another, 
to expectations, and to purposes. Only 
in rare circumstances, such as in an expe- 
riment, will these conditions even be 
approximated unless the learner is the 
operator. An operator other than the 
learner can provide the necessary se- 
quence of conditions if he knows enough 
about what the learner perceives, what he 
expects, what he is attending to and will 
attend to, etc., but these factors will be 
known imperfectly in the first place and 
are continually changing in a unique way 
for the learner as the sequence of events 
proceeds. Thus, only when the learner 
is the operator can the conditions for per- 
ceptual alteration be maximized. 

Discussion of the use of the distorted 
rooms as a means of investigating learn- 
ing in visual space perception necessitates 
some preliminary remarks about previous 
work. Research involving postoperative 
cataract cases, the use of prism, anisei- 
konic, and inversion lenses, and the em- 
ployment of unstructured or ambiguous 
pictures or objects would seem to have 
contributed most heavily to our knowl- 
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edge in this area. However, certain lim- 
itations in these investigations must be 
noted. The cataract and lens researches 
are, in general, characterized by lack of 
experimental control of the factors in- 
volved in the perceptual learning; the 
otherexperimentshavegenerallyinvolved 
rather sudden shifts from one fairly stable 
perceptual organization to another and 
made analysis of the processes involved 
in the change rather difficult. Perhapsa 
valuable supplement to these would be 
the use of the distorted rooms. They 
provide a clear-cut instance of learning in 
visual space perception gradual enough 
to be described or measured at intervals 
as it proceeds, and one in which such 
factors as amount of practice, kind of 
practice, motivation, advance knowledge, 
number and kind of conflicting visual 
cues available, etc. might be varied syste- 
matically and checked for effects. Also, 
they permit reorganizational and forma- 
tive perceptual learning to be separated 
for experimental treatment. 


SUMMARY 


The experiment reported in this paper was 
designed primarily to distinguish between two 
hypothesized perceptual learning processes, reor- 
ganizational and formative. A secondary pur- 
pose was to test the notion that gross overt 
physical action on the part of the learner is a 
necessary condition for perceptual learning. 

Three small rooms, one cubical and two dis- 
torted, were used as basic apparatus. After 
experimentally demonstrating that the rooms are 
monocularly equivalent and seen as “normal” or 
cubical prior to learning, learning sessions were 
conducted at one of the distorted rooms. Six 
Os (the action group) tossed balls at a target 
and felt around the room with a wand while 
observing its interior monocularly; and six Os 
(the no-action group) observed the room’s inte- 
rior while E’s assistant tossed the balls and 
manipulated the wand. 

For all 12 Os, the learning sessions resulted in 
reported alteration in appearance of the dis- 
torted room in which the practice occurred; 11 of 
the 12 Os reported that this alteration in appear- 
ance carried over to one or both of the other two 
rooms, but generally with a decrement. This 
transfer of the newly learned percept was as pre- 
dicted and was interpreted as evidence that for- 
mative as well as reorganizational perceptual 
learning occurs. Some probable characteristics 
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and relations of these two learning processes were 
discussed. 

The positive results from the no-action group 
were clearly contrary to hypothesis, and a modi- 
fied formulation concerning the role of action in 
perceptual learning was outlined. 

Finally, it was pointed out that rooms of the 
kind used in this experiment provide a means for 
investigating many aspects of learning in visual 
space perception. 
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THE EFFECT OF KINESTHETIC, VERBAL, AND VISUAL CUES 
ON THE ACQUISITION OF A LEVER-POSITIONING 
SKILL? 

WILLIAM F. BATTIG 


University of Wisconsin 


Because of the many factors in- 
volved, the study of acquisition of a 
complex motor skill is difficult, unless 
the skill can be analyzed into its com- 
ponent parts in some way. ‘One pos- 
sible method of analysis is according 
to the kinds of cues or information 
provided during learning. The nature 
of these cues will vary widely from one 
motor skill situation to another. In 
order to get any general results through 
this approach, it may be necessary to 
investigate a wide variety of skills. 
However, a comparison of the relative 
roles of various types of cues within a 
single skill should be useful in that it 
will determine their relative effects on 
learning of the skill. 

In the present experiment, an at- 
tempt was made to determine the role 
of several kinds of cues in the acquisi- 
tion of a precise lever-positioning 
movement. This was done by com- 
paring performance on the standard 
task following training in which cer- 
tain cues were eliminated and others 
emphasized. The task required the 
movement of a joystick to a position 
which would light green lamps corre- 
sponding to red lamps located on a 
stimulus panel. Three types of cues 

1 This research was supported in part by the 
United States Air Force under Contract Number 
AF 33(038)-23294 monitored by the 330Ist 
Research and Development Group (Perceptual 
and Motor Skills Research Laboratory), Human 
Resources Research Center, Lackland Air Force 
Base, San Antonio, Texas. Reproduction in 
whole or in part is permitted for any purpose of 
the United States Government. The author 
wishes to acknowledge the assistance of Dr. W. J. 


Brogden, under whose guidance this study was 
done. 


are involved: (a) visual cues, provided 
primarily by the red and green lights 
on the panel; (b) kinesthetic cues, pro- 
vided by making the actual movement 
of the stick; (c) verbal cues, provided 
by any sort of verbal description of the 
stimuli or required movements. This 
particular task appears to maximize 
visual cues, with a corresponding lack 
of emphasis on the other types. 

This experiment is relevant to the 
following two hypotheses about motor 
learning: 


a. The verbal hypothesis: Brogden 
(4) has hypothesized that the acquisi- 
tion of a motor skill will be facilitated 
to the extent to which verbal descrip- 
tions of the stimulus, the response, or 
both, can be utilized. ‘This hypothesis 
would predict that if verbal cues are 
added to the standard task, superior 
acquisition will result. However, if 
training procedures which emphasize 
verbal cues show a high degree of 
positive transfer to the standard task, 
this result would be interpreted as sup- 
porting the hypothesis. 

b. The kinesthetic hypothesis: This 
was originally formulated and tested, 
with inconclusive results, in connec- 
tion with a gunnery training device 
(14). It states that an emphasis on 
kinesthetic cues during training may 
result in a higher final level of per- 
formance on the skill. If it can be 
shown that training procedures empha- 
sizing kinesthetic cues produce a high 
degree of positive transfer to the stand- 
ard task, this hypothesis would gain 
some support. 
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Little previous work has been done 
with direct bearing on the present 
problem, but a number of studies in the 
area of motor transfer have some rele- 
vance. In a series of experiments, 
Gagné and associates have found posi- 
tive transfer to a simple discrimina- 
tory motor reaction task from practice 
on components of the task (11, 12); 
from pencil and paper performance on 
a pictured representation of the task 
(13); and from verbal practice, both 
on the response (1), and on prediffer- 
entiation of the stimuli (9). Eck- 
strand, using a similar task, found 
positive transfer to making discrimi- 
natory responses to color from prac- 
tice with verbal stimuli (6), and with 
different forms (7). 

In addition, a number of studies on 
the Mashburn apparatus are some- 
what related. Baker, Wylie, and 
Gagné (2) found evidence for both 
positive transfer and interfering effects 
when another lever-positioning move- 
ment was added to the standard task. 
A series of studies by Lewis and asso- 
ciates (15, 16, 17), on the effect of 
reversing the direction of control move- 
ment, have shown over-all negative 
transfer to the standard task, but also 
some evidence for facilitation. 


PROCEDURE 


Apparatus.—The apparatus was the Complex 
Coordination Test, Model E (Mashburn), as 
described by Melton (19). Two major modifica- 
tions were made for the purposes of the present 
experiment: (a) the rudder movement and corre- 
sponding row of lights were eliminated; (b) the 
self-stepping feature, by which each correct 
matching of the lights automatically presented a 
new stimulus setting, was also eliminated. This 
was necessary in order to equate the amount of 
training for all groups, as some of the training 
procedures could not be carried out under a self- 
paced situation. Instead, a fixed 20-sec. interval 


between successive stimulus settings was used. 
The modified task can then be described as 
follows: The apparatus was placed in a booth, 
with a panel of lights set flush with the front end 
of the booth. ‘The S was seated facing the light 
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panel, with the joystick on the floor in front of 
him. The rudder control was present, but fixed 
so it would not move, and used only as a footrest. 

The light panel consists of two parallel rows 
of red and green lights, and two parallel columns 
of red and green lights. There are 13 lights in 
each row and column. Movement of the stick 
from left to right controls the green lights in the 
horizontal row, movement forward and backward 
controls the vertical row. When the stick is in 
the neutral position, the center (7th) light in the 
row and column of green lights is lit. 

The S’s task was as follows: The stimulus con- 
sisted of two illuminated red lights, one in the 
row and one in the column. The S would move 
the stick, starting from the neutral position, so 
as to light the green lights opposite each of the 
two red lights simultaneously as rapidly as pos- 
sible. Each correct matching of the red lights 
constituted a trial. The score was the time 
required to make a correct match after the stim- 
ulus setting had been presented. After the com- 
pletion of each trial, S returned the stick to the 
center position to await the next trial. 

The E sat behind the booth and could not be 
seen by S. He was able to observe S and the 
light panel by means of a mirror arrangement. 
Observation of the brush contacts, located in the 
cabinet of the apparatus, provided a further 
means of checking S’s movements. 

The red-light settings were controlled by a 
40-position stepping switch operated manually 
by E. The apparatus was wired so that a series 
of 13 stimulus settings was repeated three times, 
with one setting repeated in the fortieth position, 
on each complete revolution of the stepping 
switch? 

Subjects —Sixty male students from the Uni- 
versity of Wisconsin, whose names were acquired 
from a file of students who had indicated an in- 
terest in.serving as Ss for pay, were used as Ss. 

Design.—The Ss were divided into six groups 
of teneach. Five groups served for ten sessions, 
approximately 30 min. in length, every day, 
Monday through Friday, for two weeks. The 
sixth group served for only two sessions, spaced 
11 days apart. 

All groups performed the standard task on the 
first and last of the ten sessions, designated as the 


2 Many Ss were able to recognize this order of 
presentation of the stimuli to some extent. At 
the conclusion of the experiment, all Ss were run 
through the cycle and asked to anticipate which 
stimulus was coming next. There was consider- 
able individual variability, and little or no rela- 
tionship to the time scores. The quantitative 
data can be found in the thesis upon which this 
report is based (3), along with other data which 
are not presented here. 
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pretest and posttest, respectively. The groups 
were differentiated by their tasks during the 
middle eight sessions, the training period, as 
follows : 


Group A (Standard practice): This group per- 
formed the standard task throughout the train- 
ing period. 

Group A’ (No practice) : This group did noth- 
ing during the training period. 

Group B (Verbal stimulus): The red lights 
were turned off and covered by two boards on 
which were printed rows of numbers, one oppo- 
site each green light, which indicated the position 
in terms of number of lights away from the cen- 
ter. The words “back,” “forward,” “left,” and 
“right” were also printed on the boards, indi- 
cating the direction of movement. The task for 
this group differed from the standard task only 
in that the stimulus consisted of two numbers 
read by E (i.e., “six right, thre~ forward”) rather 
than two red lights. This training procedure 
eliminates visual cues, in part, and emphasizes 
the use of verbal cues. 

Group C (Verbal response): The red light 
settings were presented exactly as in the standard 
task, but instead of making any response with the 
stick, S simply described verbally how he would 
move the stick to reach the correct position, in 
terms of distance from the center and direction 
of movement. This procedure eliminates kines- 
thetic cues entirely, and also some visual cues, 
while placing emphasis on verbal cues. 

Group D (Kinesthetic response) : The red light 
settings were presented as in the standard task, 
but the green lights were turned off, and S 
attempted to move the stick to the correct posi- 
tion without the aid of the green lights. When S 
had reached what he judged to be the correct 
position, the green lights were turned on again 
so he could see how close he had come. This 
procedure eliminates visual cues, in part, and 
emphasizes kinesthetic cues. 

Group E (Verbal stimulus-kinesthetic _re- 
sponse): Neither the red nor green lights were 
used. The S’s task was to move the stick in 
response to verbal descriptions given by E. The 
descriptions consisted of the angular displace- 
ment of the stick from the left-right plane, and 
the direction and extent of movement (i.e., 
“move it about 6 in. to your left and away from 
you, at an angle of about 30°”). If the move- 
ment was incorrect at first, further description 
was provided until the correct position had been 
reached. This procedure virtually eliminates 
visual cues, emphasizing kinesthetic cues and, to 
some extent, verbal cues. 

Groups A and A’ are designated as control 
groups. The other four groups, which practiced 
on modifications of the standard task during the 


training period, will be referred to as experi- 
mental groups. 

Instructions.—The standard instructions (19) 
were given at the beginning of the experiment, 
modified slightly because of changes in the appa- 
ratus and procedure. The instructions given to 
the experimental groups on the second day were 
worded, as much as possible, in the same way. 
At this time, all Ss in the experimental groups 
were told that the purpose of the experiment was 
to find the effect of training-task practice upon 
subsequent performance on the standard task. 

No instructions were given as to the method 
of matching the lights. There were some indi- 
vidual differences, but most Ss used the succes- 
sive method (lining up first one light and then 
the other) in preference to the simultaneous 
method. 

A ready signal was given shortly before the 
presentation of each new stimulus. During the 
standard task (and the training procedure for 
Group B), S was told the time it had taken him 
to make the correct match after each trial. 

General procedure-—Each matching of a red- 
light setting constituted atrial. All groups com- 
pleted 60 trials in each daily session, divided into 
three blocks of 20 each, separated by a 1-min. 
rest period. Within each block, trials were given 
at regular 20-sec. intervals. 

The red-light patterns were presented in the 
order wired into the stepping switch, as described 
previously. In each session, the cycle of 40 
settings was run through one and one-half times. 
Each successive block on a given day started 
at the point where the previous one had left off, 
so that the third block of trials on each day was 
identical to the first. The starting point within 
the cycle was varied from session to session, but 
was the same for the pretest and posttest. 

During a given session, the order of presenta- 
tion of stimulus settings (or descriptions) was 
identical for all groups, so that the order and 
difficulty of trials were constant. 

The experiment was run in five 2-week periods, 
during which 11, 11, 11, 9, and 8 Ss, respectively, 
were run. A progressive matching procedure 
based on the pretest scores was adopted in deter- 
mining the assignment of Ss to groups. As a 
result, all groups (except Group A’) were equated 
in terms of initial ability, being well matched in 
both means and variability. The proportion of 
Ss assigned to each group during each 2-week 
period was approximately the same. 

The Ss in Group A’ (the no-practice group) 
had to come for only two sessions, and therefore 
were assigned to this group prior to any deter- 
mination of initial ability. As a result, their 
performance averaged about 10% lower than 
that for the other groups on the pretest scores, 
making it necessary to introduce special pro- 
cedures in analysis of the data. 
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tial ability resulted in a 10% difference 
between the pretest scores of Group A’ 
and the other groups, as shown in 
Fig. 1. This difference is not statis- 
tically significant (¢ = 1.69, .20>p 
>.10), but is large enough so that it 
should be taken into account. 

Consequently, Group A’ has been 
compared separately with each of the 
other groups by means of ¢ tests on the 
differences between the pretest and 
posttest scores. This comparison 
showed that Groups A (standard prac- 
tice), B (verbal stimulus), and D 
(kinesthetic response) showed signifi- 
cant improvement over no practice at 
the 5% confidence level (except for 
Block I for Group D). Groups C 
(verbal response) and E (verbal stim- 
ulus-kinesthetic response) were infe- 
rior to Group A’ (no practice), except 
for Block III for Group C. Only 
Group E on Block II differs signifi- 
cantly at the 5% level. This indi- 
cates that the training procedures for 
these two groups may have produced a 
decrement in performance on the 
standard task. Group A’ is excluded 
from further analysis. 

Between-within analyses of variance 
showed significant differences between 
groups, yielding F ratios of 16.55 for 
Block I, 13.10 for Block II, 8.25 for 
Block III, and 13.79 for total posttest 
scores. F = 2.58 is significant at the 
5% level. 

A more complete analysis of vari- 
ance showed significant differences 


3 At first glance, this may appear to be a viola- 
tion in correct use of the multiple t test. How- 
ever, Group A’ is not involved in the basic part 
of the experiment. It was included only to get a 
measure of the amount of improvement resulting 
from each of the experimental training pro- 
cedures. Its role in this experiment is essentially 
the same as if four independent experiments had 
been performed, each to determine the degree of 
transfer resulting from one of the training pro- 
cedures. If considered in this light, the use of 
the ¢ test here appears to be justified. 
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between blocks of trials (F = 30.96) 
and a group by block interaction 
(F = 6.94).' The values of F signifi- 
cant at the 5% level are 3.10 and 2.04, 
respectively. This shows a significant 
improvement with posttest practice 
which varies from group to group. 
Figure 1 shows the source of the inter- 
action, a greater improvement by the 
groups highest on Block I. This can 
be attributed either to an initial inter- 
ference effect between the training and 
standard tasks, or to the fact that 
Groups A (standard practice) and B 
(verbal stimulus) were approaching an 
asymptote of performance. 

Duncan range tests (5) were em- 
ployed in comparing individual pairs 
of groups. Groups A (standard prac- 
tice) and B (verbal stimulus) differed 
significantly at the 5% level from 
Groups C (verbal response) and E 
(verbal stimulus-kinesthetic response), 
but not from each other. Groups C 
and E differed significantly only on 
Block II. Group D (kinesthetic re- 
sponse) did not differ from Group B, 
differed from Group <A only for Block 
I and total, and differed from Groups 
C and E in all cases except Block II 
in the case of Group C. 

Posttest scores for settings. —The post- 
test scores for the 13 red-light settings 
used were also analyzed by analysis 
of variance. Significant differences 
between settings (F = 16.76) and a set- 
tings-by-groups interaction (F =2.22) 
were found. The values of F at the 
5% level are 1.78 and 1.40, respec- 
tively. This indicates that the 13 
settings varied in difficulty, and that 
the relative difficulty varied from 
group to group. 

The order of presentation of the 
settings was the same throughout the 
experiment, which confounds order 
with difficulty. However, an empiri- 
cal measure of difficulty was obtained 
by pooling the scores for all groups on 
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each setting. This revealed no con- 
sistent relation to the characteristics 
of the settings, either in terms of posi- 
tion or extent of movement. 

Figure 2 represents an attempt to 
determine the source of the settings by 
groups interaction. The settings are 
ordered on the abscissa in terms of 
empirical difficulty. The curves rep- 
resent the deviation of each group 
from the total mean for all groups for 
each setting. No apparent, relation 
between group variation and empirical 
difficulty is shown. 

Training scores——The time scores 
for Groups A (standard practice) and 
B (verbal stimulus) during the train- 
ing period (Sessions 2~9) are presented 
in Fig. 3, which shows a typical 
negatively accelerated learning curve, 
apparently approaching asymptotic 
performance. 

The fact that stimulus presentation 
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took longer for Group B (verbal stim- 
ulus) added a constant factor to the 
time scores, and prevents a direct 
comparison with Group A (standard 
practice). The increment of the Group 
B posttest scores over Session 9 indi- 
cates the presence of interference, 
probably greater than Fig. 3 shows, a 
conclusion which is supported by the 
marked difference between Groups A 
and B on Session 2. 

Figure 4 gives training period scores 
for Group D (kinesthetic response), 
and shows the mean total number of 
lights off the correct position on each 
day (obtained by summing over the 
60 trials) and the mean total number 
of correct settings on each day. These 
curves are rough reciprocals of each 
other, and indicate that learning was 
taking place under the Group D train- 
ing procedure. 
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Discussion 


The results indicate that none of the 
training procedures produces as high a 
level of performance as does practice on 
the standard task (Group A). Only 
Group B (verbal stimulus) was not sig- 
nificantly different, and its scores were 
consistently higher on all measures. This 
suggests the interpretation that visual 
cues are most important for this type 
of skill, and that elimination of visual 
cues impairs acquisition. However, the 
presence of interference between the 
standard task and training procedures 
restricts such an interpretation, as the 
present study confounded elimination of 
visual cues and interference effects. Pos- 
sibly a standard task emphasizing kines- 
thetic cues would show poorer perform- 
ance as a result of training emphasis on 
visual cues, and this would be attribut- 
able solely to interference. The use of a 
more direct method of comparing per- 
formance with and without visual cues 
will be necessary to resolve this question. 

The verbal hypothesis that acquisition 
of a skill will be facilitated by the use of 
verbal descriptions is not under direct 
test, and the results are inconclusive. A 
more direct test would be provided by 
adding verbal cues to the standard task 
without eliminating other cues. How- 
ever, if the verbal hypothesis holds, a 
training emphasis on verbal cues should 
produce considerable positive transfer to 
the standard task. This is true for 
Group B (verbal stimulus), but not for 
Groups C (verbal response) and E (ver- 
bal stimulus-kinesthetic response). This 
suggests the possibility that verbal stim- 
ulus cues can be introduced with less 
interference than verbal response cues. 
However, the emphasis on verbal cues 
may not have been the same and was 
probably greater for Group C. 

The results are largely negative with 
respect to the kinesthetic hypothesis, 
though the positive transfer shown by 
Group D (kinesthetic response) provides 
limited support for it. However, Group 
E (verbal stimulus-kinesthetic response) 
showed no positive transfer, which is 
evidence against the hypothesis. 


It appears that the greater the modifi- 
cation of the training task, the poorer 
the subsequent performance on the stand- 
ard task, and that response modification 
produces more interference than stimulus 
modification. This coincides with results 
in verbal learning, where transfer varies 
as a function of task similarity, response 
dissimilarity having a greater negative 
effect (18). 

Comparison of the posttest scores with 
the learning curve for Group A (standard 
practice) in Fig. 3 gives a rough quanti- 
tative measure of efficiency of the train- 
ing procedures. Group B (verbal stim- 
ulus) corresponds to Group A on Sessions 
6 and 7, Group D (kinesthetic response) 
is surpassed by Group A on Session 4, 
while Groups C (verbal response) and 
E (verbal stimulus-kinesthetic response) 
are surpassed by Group A on Session 2. 
Eight days of training for Groups C and 
E were evidently less effective than a day 
of rest for Group A. 

A longer posttest might have elimi- 
nated differences between groups; this is 
indicated by the rapid improvement of 
the groups with initially higher posttest 
scores. Further study would be neces- 
sary to establish this point. 

Of primary importance in this study is 
the fact that Groups C (verbal response) 
and E (verbal stimulus-kinesthetic re- 
sponse) did worse on the posttest than 
Group A’ (no practice). It is often 
assumed that practice on anything re- 
motely related to a motor skill will result 
in improved performance on that skill. 
The present results seriously question 
this assumption and stress the necessity 
for validating any training device or pro- 
cedure which differs from the skill itself. 
The difference between the training pro- 
cedures for Groups C and E, and the 
standard task, may be no greater than 
for many training devices now in use. 
Unless the present results are in error, 
such training procedures may do more 
harm than good. 

Length of training period may be an 
important factor here; possibly a shorter 
training period would show no negative 
transfer. This is a subject for future 
investigation. Loss of motivation is a 
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possible variable, but the learning curves 
for Groups A (standard practice), B (ver- 
bal stimulus), and D (kinesthetic re- 
sponse) show no evidence for a loss of 
motivation, and there is no indication 
that Groups C (verbal response) and E 
(verbal stimulus-kinesthetic response) 
should differ in this respect. 

A possible explanation for the results 
of Group E is that these Ss had trouble 
relating the training and standard tasks. 
They tended to sit forward and look 
down at the stick, a departure from nor- 
mal posture. Also, they were trained in 
making diagonal movements, and many 
did not adhere to this method on the 
posttest. It has been shown that diag- 
onal movements on this apparatus result 
in poorer performance early in learning 
than do separate movements directly in 
the two planes (19). 

The present results conflict with pre- 
vious studies in the area, especially those 
(1, 20, 21, 22) which have shown positive 
transfer from verbal practice to a motor 
task, and with Eckstrand’s finding (6) 
that practice of the response to one type 
of stimulus shows positive transfer to 
another type. 

Gagné, Baker, and Foster (10), in a 
theoretical analysis of the relation be- 
tween motor skill similarity and transfer, 
conclude that complete or partial reversal 
is the only type of task alteration which 
leads to negative transfer. The training 
procedures for Groups C (verbal re- 
sponse) and E (verbal stimulus-kines- 
thetic response) do not involve any such 
reversals, except insofar as Group E 
made a diagonal response during training 
and responded separately in the two 
planes on the posttest. Since in the one 
case the response would be made to both 
stimuli in conjunction, and in the other 
case to the two stimuli separately, this 
might constitute what Gagné ef ai. call 
partial reversal. 

It is difficult to relate this study to 
Gagné’s theory, and it may be that the 
present experiment involves a situation 
not covered by the Gagné, Baker, and 
Foster paper. The tasks were very dis- 
similar, as Gagné used a simple discrimi- 
natory motor reaction in which each 


stimulus was associated with a distinct 
response. Also, the training period was 
much shorter than that of the present 
study. Nevertheless, the results strongly 
suggest that other types of modification 
besides reversal can produce negative 
transfer. 


SUMMARY 


An attempt was made to determine the roles 
of kinesthetic, verbal, and visual cues in the 
acquisition of a lever-positioning skill by compar- 
ing performance following training procedures in 
which these cues were differentially emphasized. 
All Ss performed the same task on the first and 
last of ten practice sessions, but six groups were 
differentiated on the basis of their task during 
the middle eight sessions. 

A comparison of posttest scores showed that 
Group A (standard practice) was superior to all 
other groups. Of the experimental groups, 
Group B (verbal stimulus) was best, followed in 
order by Group D (kinesthetic response), Group 
C (verbal response), and Group E (verbal stim- 
ulus-kinesthetic response). 

Groups A, B, and D showed significant im- 
provement over a group with no training practice 
(Group A’), but Groups C and E did not. 

It is concluded that training on any modifi- 
cation of the standard task produces performance 
inferior to that following standard practice. 
Long periods of practice on tasks closely related 
to the standard task may even produce negative 
transfer. 

The presence of interference between the 
standard and training tasks makes it difficult to 
compare the roles of the various types of cues, 
but the results point to the importance of visual 
cues for this particular skill. 
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